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S ummary 
The RT–LA project was established with the aim of integrating salinity, waterlogging and 
flooding control with development of new water supplies in wheatbelt towns, and where 
possible, finding ways of putting the excess water to commercial use.  
The RT-LA project has undertaken new direct runoff measurements of surface water inflow 
volumes from within the Dowerin town catchment. Runoff hydrographs from the CBH site 
including rainfall data and the cumulative yield for the period June 2006 to May 2007, 
indicate a total discharge of nearly 180 ML during this period.  
The majority of on-ground works proposed in Dowerin are focussed on surface water control 
and harvesting. The recommended plan for surface water management is cost effective. At 
an average cost of $0.40/kL per annum to produce locally sourced water, this represents a 
saving of approximately $0.60/kL on the purchase of scheme water or a total saving of $7 
200 per year. The equation will shift more in favour of locally sourced irrigation water as the 
cost of scheme water increases and supplies become less available. The current and 
proposed surface water diversion and harvesting infrastructure will improve the groundwater 
level situation in time. 
In contrast to surface water management, extensive evaluation of temporal and spatial 
groundwater conditions in Dowerin indicates there is no requirement for immediate 
intervention to manage groundwater. Shallow watertable levels (< 2 m), in the high salinity 
risk area to the north-west area of the townsite have remained consistently steady in 
monitoring bores in those areas of the townsite. Direct intervention via groundwater pumping 
is not currently recommended required to reduce and control watertables in the current 
period of below average rainfall years.  
A watching brief should be maintained (critical groundwater levels and the rate of change of 
cumulative rainfall) and should the situation change, the proven effectiveness of pumping 
bore infrastructure demonstrated by the RT-LA project can be brought into action rapidly for 
watertable management. If a sustained groundwater pumping program is adopted in the 
future, reverse osmosis desalinisation of recovered groundwater would be a viable option.  
The immediate actions which will allow integration of salinity, waterlogging and flooding 
control as well as providing cost-effective solutions to new water supplies, are centred on 
surface water management. The RT-LA project has identified a combination of surface water 
engineering solutions to enable management of the town’s surface water that can provide an 
additional effective 50 ML/yr which is about 130 per cent of the total existing demand.  
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1. Introduction 
1.1 B ac kground 
This project aimed to devise solutions for potential and existing townsite salinity problems as 
well as developing new locally-based water resources for 15 participating rural towns in the 
Western Australian wheatbelt. New research and existing knowledge were used to identify 
water management options and construct townsite Water Management Plans (WMPs) that 
focus on improved and integrated water management strategies. 
Dowerin is located about 140 km north-east of Perth (Figure 1) and has a population of 450 
residents. The Shire has been involved in the Rural Towns Program since 1998. 
The Department of Agriculture and Food (DAFWA), with project partners: CSIRO, CRC 
LEME, UWA and the WA Chemistry Centre was responsible for delivery. The project was 
funded by the Western Australian Government, 15 Local Government Authorities and the 
National Action Plan for Salinity and Water Quality (NAP). Other major stakeholders were the 
Avon Catchment Council (ACC), the Northern Agricultural Catchments Council (NACC), the 
South West Catchments Council (SWCC) and South Coast Natural Resource Management 
(SCNRM). 
1.2 Water management objec tives  
The objective for Dowerin is to devise a Water Management Plan that will:  
• identify opportunities for groundwater and surface water resource development, 
primarily for townsite irrigation 
• manage salinisation and waterlogging; and  
• identify socio-economic opportunities associated with water resources. 
A workshop was held with the Shire of Dowerin and the Project Planning Team on 
23 November 2005 to identify priorities with which to guide this Water Management Plan. A 
summary of outcomes from the workshop is in Appendix B. The main priorities and issues 
identified were: 
• investigate strategies to control shallow watertables and waterlogging 
• use latest research findings to target various sources contributing to flooding and 
inundation in the lower townsite 
• maximise opportunities for water harvesting, treatment, utilisation and re-use 
• link the townsite salinity and water control plans to protect the Tin Dog Creek Reserve 
• investigate ways to use scheme water conservatively 
• integrate CBH water harvesting within water management solutions 
• identify the costs of feasible surface water management options 
• investigate and rectify possible contamination of groundwater from septic systems. 
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Figure 1 Locations of Dowerin and other towns participating in the project. 
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Figure 2 Dowerin townsite and its key water management features (see Appendix C). 
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1.3 P urpos e of the Water Management P lan 
The Water Management Plan for Dowerin is based on eight technical reports covering the 
following topics. The reports are appendixed to this report:  
• A brief socio-economic report and Shire Consultation (Appendix A and B) 
• Surface water management (Appendix C) 
• Dowerin geophysics (Appendix D) 
• Groundwater management options (Appendix E) 
• Assessment of infrastructure damage (Appendix F) 
• Groundwater quality (Appendix G) 
• Urban water balance study (Appendix H) 
• Methodology for assessment of water management options (Appendix I). 
Based on these technical reports the purpose of the Water Management Plan is to:  
1. Recommend priority water management options for controlling salinity and 
developing new water supplies 
2. Present preliminary engineering designs for water management options 
3. Present a cost analysis for the recommended water management options. 
1.4 S ummary of the is s ues  
While many towns in the agricultural region of Western Australia have limited or expensive 
water supplies, they also have problems caused by too much water—usually salinity, 
waterlogging and inundation. These excess water problems result in damage to the 
environment and infrastructure. Can the excess water causing the damage be diverted to 
augment supplies? 
Even in small towns, we can expect the hydrological systems to be complex. Water comes 
into town in several ways: as rain falling directly, as surface water run-on, groundwater 
inflows from surrounding catchments and as piped water supplies (commonly referred to as 
'scheme water'). It is likely that all of these sources contribute to some degree to the salinity, 
waterlogging and inundation problems. General descriptions of what is meant by the terms 
inundation, salinity and waterlogging and their main causes are described in Box 1. 
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Box 1 
General definitions and descriptions of processes 
An area covered in water is said to be inundated. The water may be flowing or stationary (in which case it is 
ponded). The source of the water may be: 
• rain falling directly on the area 
• surface water inflow from surrounding upslope areas 
• water overflowing the banks of a natural or manmade watercourse (such overbank flow is called flooding), 
or 
• a combination of more than one of these sources. 
It is also possible for groundwater discharge to contribute to surface inundation, but in Western Australian 
wheatbelt towns this would usually be a small component. However, a rise in watertable level below an area 
can worsen its risk of inundation because there is less capacity in the soil for storing infiltrating surface water. 
~ 
Most Western Australian salinity problems are caused by groundwater, but the processes involved can 
change from site to site. Commonly, the salinisation is a result of either rises in watertable or increases in 
pressure of deep groundwater systems, or a combination of both. The extra water causing the salinisation can 
enter the groundwater systems close to or far away from the problem area. 
~ 
In towns, 'rising damp' can affect buildings, roads and paved areas. The problem is sometimes referred to as 
waterlogging and can be caused by: 
• water perching above a shallow, low permeability layer such as bedrock, cemented soils, or a clay layer or 
• elevated watertables or high groundwater pressure. 
The water may be fresh or saline. 
Two conventional approaches to reducing the damage are: 
• diverting water before it reaches an area of inundation, salinisation or 
waterlogging 
• removing or diverting water from the affected site. 
In general, we can expect impacts to be reduced if the water is diverted before it reaches the 
problem area. As a general rule, we can also expect the water quality to be better the earlier 
it is diverted. This means that we need to identify the sources of water causing problems and 
then to assess whether there are opportunities for diverting it and using it as a source of 
irrigation water. 
Accomplishing this depends on sound information on when, where and how much each 
water source contributes to problems. For instance, is the water causing a salinity problem 
solely from rain falling on the town, or from over-irrigated gardens, or from surface water or 
groundwater inflows from surrounding agricultural areas? Or are there a combination of 
sources, and if so, what are their relative contributions? 
Townsite catchments produce runoff from low intensity or infrequent rainfall events because 
water flows off the streets, roofs and other hard surfaces within towns. Unlike many farmland 
catchments, runoff from townsites is relatively high quality; without salt, sediment or debris 
which often contaminates dams in the wheatbelt.  
These are essential reasons why water harvesting from townsites is a major advance over 
the more traditional dam and catchment strategies. 
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The Rural Towns – Liquid Assets (RT-LA) project aims to provide Water Management Plans 
for towns in Western Australia. In order to produce these plans, the project undertook a 
number of investigations to address this need to identify the sources of problem water and 
the available methods of diverting it. Such studies were carried out for the town of Dowerin 
(they are documented in the appendices of this report) and were used as the basis of the 
Water Management Plan. 
A set of principles has been adopted in drafting the RT-LA’s Water Management Plans. They 
are listed in Box 2 
Box 2 
Principles guiding RT-LA Water Management Plans 
Water is valuable: minimise unnecessary water use and pollution. 
• Excess groundwater recharge commonly causes problems: minimise recharge unless an ecosystem or 
water supply is dependent on it. 
• Reduce surface water flows where they cause damage but maintain good quality surface water flows to 
dependent ecosystems. 
• Minimise use of scheme water for non-drinking quality purposes, such as irrigation. 
Assessing impacts of management changes 
Ideally, any water management changes would neither create nor worsen any problems. However, we can 
aim to identify the likely environmental, social and economic impacts (whether positive or negative) of any 
proposed changes so that they can be taken into consideration by decision-makers. 
The demands driving water management changes tend to be social or economic (for example, shortage of 
dam or bore water for irrigating sports grounds, or the high cost of using scheme water for irrigation). 
However, there is a need to consider any environmental, social and economic implications these changes 
generate. 
The establishment and maintenance of town amenities imposes changes on the quantity and quality of the 
surface and groundwater systems underlying and surrounding the town. The changes are commonly 
detrimental and can result in degradation of natural and man-made infrastructure. 
RT-LA plans are designed to enhance land condition, not to trigger or exacerbate existing asset degradation. 
Encourage adoption of Water Corporation Waterwise and DAFWA Waterwise=Saltwise guidelines for 
households, businesses, schools and councils. 
Practical approaches to applying principles: 
• reduce dependence on scheme water. Supplement with harvested surface and groundwater 
• reduce local recharge and associated salinity, waterlogging and flooding, by irrigating less frequently 
• ensure no infiltration from leaky manmade drainage, pipework and storage systems 
• reduce wastewater volumes, thus reducing the need for excess treatment and storage capacity; 
• minimise evaporation losses from water supply storages by covering dams or using tanks. 
Benefits are likely to be: 
• increased volume of water available for watering townsite amenities such as recreational areas 
• less dependence on high quality and expensive scheme water for irrigation purposes 
• less townsite salinity, flooding and waterlogging 
• a ‘greener, softer, cooler’ townscape in which to live and work - and one which is more attractive to 
visitors 
• more water available for environmental flows or commercial uses. 
Costs may include: 
• time and money spent in establishing more efficient water management systems and practices 
• less wastewater from the treatment plant available for recycling 
• cost of professionally designed and constructed infrastructure. 
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2. Towns ite water management concerns  
Water-related problems identified by the Dowerin Shire Council and community were: 
damage to buildings and roads in the main commercial area; flooding of some areas of the 
townsite including the main street; salinity affecting the Tin Dog Creek Nature Reserve and 
the golf course; and the high cost of scheme water (Appendix F). The volume of Goldfields 
scheme water imported to Dowerin during 2003–2006 averaged 102 ML/yr (Appendix H). 
The Dowerin Shire component of this averages 12 ML and costs the Shire about $12 000 per 
year.  
There are no formal records of the flooding events that have affected the Dowerin townsite. 
Anecdotal evidence, including community memories and photographs are the main sources 
of information. The most recent floods were in 1996, 1999 (several events) and in 2000. 
Visible water damage to roads and buildings in the townsite caused by inundation, 
waterlogging or salinity has been documented but not their rates of increase. It is not known 
whether the damage is stable, or increasing. 
Effects of salinity can be seen in the Tin Dog Creek Reserve and on the Dowerin golf course 
as well as on nearby agricultural land. The most useful maps of salinity are generally those 
based on impacts observed in the field or on aerial photographs. Regional maps produced by 
analysing satellite imagery (referred to as Land Monitor maps) were made for images taken 
in 1991 and 1998 but these are known to contain errors, and are now out of date. Recent 
‘Quickbird’ imagery provides the most up to-date salt affected land information. Maps can be 
based on series of soil salinity measurements, but no systematic soil salinity survey has 
been carried out for Dowerin and environs. 
Maps can also be based on interpolating groundwater level and salinity measurements 
between piezometer sites and such a salinity risk map has been prepared for Dowerin along 
with estimates of damage cost to infrastructure (Appendix F), geophysical surveys 
(Appendix D) can map the electrical conductivity of the ground and subsurface structural 
controls on groundwater flow.  
Since saline land is one of the possible causes of high conductivity levels, maps produced by 
such surveys may provide indications of distribution and severity of salinity. Geophysical 
surveys are usually carried out by taking measurements along roads and laneways to form a 
grid, and then data are interpolated between the measurement points. The reliability of the 
maps depends on the measurement points and the grid lines being close together compared 
to the scale of variation in the actual ground salinity. Although all these types of salinity maps 
provide some information on salt-affected sites, they do not tell us clearly when expansions 
in the problems have occurred (worsening every winter, or after large summer storms, or 
after inundation events, etc.) or if further increases are probable. 
Dowerin Water Management Plan 
8 
3. Towns ite water s tatus  
This section presents some estimates of the status and volumes of water associated with the 
various components of Dowerin’s water balance. It is intended to place the different surface 
water sources into context and to indicate those which are suited to developing as water 
supplies. 
3.1 Water inputs  
The town inputs to be estimated are: 
• direct rainfall on the town 
• surface water flowing into the town 
• groundwater flowing into the town 
• scheme water and wastewater piped into the town or to the water treatment 
plant. 
3.2 S urfac e water s tatus  
Direc t rainfall volumes  on the towns ite 
The mean annual volume of rain that falls on the town was calculated, assuming the town 
covers 196 ha (the CBH depot and Dowerin Machinery Field Day site were included in the 
area, but the Tin Dog Creek Reserve and the golf course were excluded). We assumed the 
daily rainfall was the same everywhere as the daily rainfall recorded in the Bureau of 
Meteorology’s gauge. The standard for rainfall analyses is to use a 30–year period, and so 
means and medians were calculated for 1977 to 2006. However, the daily record for Dowerin 
starts in 1907, and since the average for the recent 30–year period was lower than for the 
whole record, statistics for the 100 years from 1907 to 2006 were also calculated. 
From 1977 to 2006, the median annual volume of rain falling on the town was 670 ML, but 
ranged from 392 ML to 1007 ML. The amounts calculated for the 1907 to 2006 record were 
716 ML, 392 ML and 1,295 ML respectively. 
The largest rain event in the entire record was at the end of January 1990, when it was 
estimated that 247 ML of rain fell on the townsite following a cyclonic event. There were 
three events in the 30 year period which equalled or exceeded 160 ML, and eight in the 
whole record (one rainfall event of 82 mm generated 160 ML). 
V olumes  of inflowing s urfac e water 
Surface water flows originate from the high ground to the east of the townsite, flow through 
the town to the western boundary of Dowerin before entering Tin Dog Creek, located 
approximately 500 metres to the west of the townsite. Tin Dog Creek subsequently 
discharges into Lake Dowerin, situated 5 km to the south of the townsite. 
The RT-LA project has monitored runoff and surface flow volumes from the Dowerin town 
catchment. Figure 3 shows an example of a runoff hydrograph from the CBH site for the 
period June 2006 to May 2007 indicating a total discharge of nearly 180 ML during this 
period. This information has been useful in formulating surface strategies outlined in later 
sections. Further extensive description of the surface water catchment boundaries and their 
water yields in Dowerin are shown in Appendix C. 
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Dowerin CBH Site Runoff - Comparison of Rainfall, Culvert Water Depth & Accumulated Yield
For Period 1 June 2006 To 31st May 2007 
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Figure 3 CBH hydrograph showing: flow depth, rainfall, accumulated yield and modelled harvesting 
potential. One year period: 1/6/2006 to 31/5/2007. 
3.3 G roundwater s tatus  
Long term measurements of groundwater have been collected during the RT-LA project. The 
results show that the depth to watertable is strongly related to topographic location as can be 
seen in Figure 4 where watertable elevations becomes progressively shallower in the 
topographically low areas of the townsite to the west and north-west. Groundwater flow is 
most likely to come from areas upslope of the town, that is, from the north and east.  
North of the town along the valley floor of the Tin Dog Creek, the pattern of salinity indicates 
that the groundwater systems are compartmentalized, and that groundwater barriers hold 
back at least some of groundwater flow. The eastern section of the town’s northern boundary 
runs along an east-west spur and there is evidence, in the form of exposed bedrock and 
shallow bedrock in drillholes on the Machinery Field Day Site that the spur is caused by a 
ridge of bedrock. Such a ridge is likely to direct groundwater from the slopes north and 
north-east of the town westwards towards the Tin Dog Creek valley, meaning that there is 
likely to be very little groundwater flow toward the townsite from the north (Figures 4a and 
4b).  
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Figure 4a Distribution of deep groundwater levels in Dowerin (metres below ground level). 
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Figure 4b Distribution of shallow groundwater levels in Dowerin (metres below ground level). 
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Along the town’s eastern boundary, landscape features imply that the most likely inflow 
mechanisms are: 
• groundwater flows into the townsite across a broad, fairly uniform front 
• groundwater flow is held up behind a barrier associated with a ridge of elevated, low 
permeability bedrock 
• groundwater flow is concentrated along a pervious bedrock zone underlying the valley, 
or a combination of these scenarios. 
Groundwater levels were recorded quarterly at 33 deep and shallow observation bores 
between 1998 and 2007. Observed trends were: 
  i) That watertable elevations have generally drifted slowly in response to cyclical 
rainfall/recharge effects but have not shown a consistent trend either upward or 
downward over the period. 
 ii) Shallow watertable elevations in lower parts of the landscape tend to respond more 
markedly to rainfall-recharge events indicating that recharge control in such areas is 
likely to be effective in lowering watertable. 
iii) That shallow watertable elevations (< 2 m) have remained a consistent occurrence in 
observation bores in the west and north-western areas of the townsite. These areas 
are the most prone to salinity damage impacts (see Appendix F).  
In conclusion, it is likely that inflows of groundwater to the town are negligible compared to 
other sources of town water. However, it should be noted that if groundwater barriers do exist 
above the townsite and if groundwater levels rise above them, then inflows to the town may 
increase. 
3.4 S alinity and water quality 
Significant flooding events occur every few years in Dowerin with the most notable occurring 
in 1999 2000 and 2006. Figure 5 shows details of events in 2006 and 2007 along with their 
accumulated yield. Runoff generation measurements for different areas of surface water 
inflow to the town are presented in Appendix C along with identification of the most important 
source areas for each of those events.  
The available information suggests that there is little advected (lateral) groundwater inflow to 
the townsite from outside the town boundary. If this is correct, then elevated watertables 
below western parts of the townsite would be caused by recharge solely within the townsite.  
Sources of recharge and waterlogging within the townsite are likely to be: 
• direct infiltration of rain where it falls 
• infiltration below areas subject to inundation (termed 'indirect' infiltration) 
• percolation below over-irrigated vegetation 
• leakage from water supply and wastewater pipes, drains, dams, pools, sumps 
• limited laterally moving groundwater controlled by break-of-slope topography. 
Most direct infiltration probably occurs below seasonally vegetated areas with minor amounts 
below compacted soils and well-vegetated areas, and only negligible amounts below roofs 
and paved areas. Direct infiltration of rainfall will be confined to when rainfall events occur.  
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However, large summer events can have as much impact as winter rains. Indirect infiltration 
will be restricted to times and locations inundation occurs. 
Recharge from over-irrigation will be restricted to areas below or close to watered 
sportsgrounds, parks and gardens. We could expect most recharge from over-irrigation to 
occur during non-rainy periods (unless watering habits are particularly profligate). 
Any leakage from pipes is likely to occur throughout the year, seepage from dams, pools or 
sumps could occur whenever they contain water, but drain leakage would depend on runoff 
from recent rainfall. 
Groundwater salinity in Dowerin is actually the second lowest of all fifteen towns in the 
RT-LA project, ranging in EC from 50 to 2100 mS/m (equivalent to a total dissolved solids 
range between 400 mg/L and 15 000 mg/L). The median groundwater salinity in the townsite 
is about 800 mS/m or about 4500 mg/L. 
Groundwater salinity trends are steady, particularly in the deeper groundwater system. Trace 
elements, organics and microbiological status of groundwater were found to be acceptable 
for groundwater recovery for non-potable use with only minor occurrences of organics and 
microbiological contamination detected (Appendix G). 
Groundwater pumping and disposal of the low salinity groundwater is not recommended at 
this time (Appendix E). However if groundwater pumping for watertable control was adopted 
the expected EC of discharge groundwater would be about 1000 mS/m (~6000 mg/L TDS). 
Reverse osmosis desalination of recovered groundwater is a technically viable option. 
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Figure 5 Groundwater trends for two observation bores (00DW01D and 00DW01OB) and cumulative 
rainfall for Dowerin since 1998. Vertical bars are markers showing breaks in slope of cumulative rainfall 
with connecting linear regressions (broken black lines). 
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3.5 Dowerin golf c ours e s alinity 
Salinity symptoms including scalding, seepage eyes and dying trees have been observed at 
the Dowerin golf course for several years. Geophysical surveys were undertaken in 
September 2005 and August 2006 to gain a better understanding of soil profiles and bedrock 
depths. 
Seven monitoring bores were drill along the creekline and lower slopes on the golf course in 
July 2008. Bores have been measured for electrical conductivity (EC), and standing water 
level (SWL), at intervals since that time. 
Results from these investigations indicate extensive salinity in the upper eastern part of the 
golf course. The salt is transported by water movement down the golf course. Granite 
outcrops acting as barriers to groundwater flow and have trapped salty water in the sub 
surface soil.  
T reatment rec ommendations  
• Salinity control at the golf course should focus on a combination of surface and shallow 
subsurface water control using a combination of surface water diversion to a dam 
above the golf course and a herring bone pattern of covered coil drains along the 
central creekline. Drains should be interspersed with bores establish to monitor 
existence and depth of shallow watertable and the impact drainage has on shallow 
watertables. 
• Some surface water diversion banks installed at strategic points down the main 
drainage line to divert the water flow away from affected areas are also recommended. 
• A damsite at the top of the golf course catchment would serve as a main storage unit 
and be designed to intercept runoff before it flows down through the golf course.  
4. S urface water s ummary and recommendations  
The Project has identified a combination of surface water engineering solutions to achieve 
two major goals: 
1. Reduced reliance on scheme water (currently purchased at approx $17 400 per annum 
2007/08) for reticulation of the towns sporting and recreational assets 
2. Reduced salinity risks due to diverting surface water away from currently adversely 
affected areas (e.g. at the golf course). 
Two main surface water control strategies are recommended: 
• Divert surface water flows to dams or tanks at points further along flow paths 
(see Option 1 in Section 5) 
• Collect rain close to where it falls (roof tanks; tanks or dams at intervals along roads; 
tanks or dams just downslope of large areas of other hard surfaces). Details of 
rainwater tank performance are given in Appendix H). 
Additional surface water harvesting opportunities have been identified which will permit the 
Shire to be less dependent on the need to use scheme water for irrigation purposes. The 
options and costs for surface water management are presented in Sections 5 and 6. 
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5. G roundwater s ummary and recommendations  
Trends in the groundwater level condition in Dowerin are shown to be determined by rainfall-
recharge processes. Periods of decreasing groundwater level (e.g. 2000 to 2003) reflect the 
decrease in rainfall experienced during that period. Two subsequent periods of higher rainfall 
rates resulted in more or less steady groundwater level conditions. Large rainfall events 
induce a step change in groundwater level for several months following the event.  
At the time of writing, there is no need for immediate intervention to manage groundwater 
levels in the high salinity risk area to the north-west area of the townsite. Shallow watertables 
(< 2 m) have remained consistently steady in observation bores in east and north-eastern 
areas of the townsite. However, a watching brief should be maintained over groundwater 
levels. 
6. W ater management options   
Water management options were formulated following investigation of current practices, and 
discussions between the planning team and Shire representatives. 
Water management options are outlined below. These address resources, salinity and 
socio-economic development objectives. 
6.1 S urfac e water harves ting 
Five dams are included in the surface water harvesting option: 
Dam 1: Tin Dog Creek 
Dam 2: New Machinery Field Day Dam 
Dam 3: Proposed Metcalf Dam 
Dam 4: Proposed Anderson Dam 
Dam 5: Proposed CBH Sump 
6.1.1 Dam 1 
 Minor improvements including refurbishment of the inlet have been proposed to the 
dam located in the Tin Dog Creek Reserve. 
6.1.2 Dam 2 
 A cross-slope waterway has been constructed to divert flow from the north eastern 
catchment area above the Machinery Field Day site and the showground runoff water. 
This new supply will offset scheme water currently used irrigate parks, gardens and 
recreation grounds. 
6.1.3 Dam 3 
 Excess water from Dam 2 will be pumped to a proposed new dam (Metcalf Dam) to be 
constructed near the golf course. This dam will also be used to irrigate recreation 
areas, including the town oval and possibly, sites within the golf course.  
6.1.4 Dam 4 
 A new 15 ML dam is recommend to be excavated in Anderson’s paddock, south of the 
Wyalkatchem-Goomalling Road to harvest water from the Meckering and Wyalkatchem 
Roads. 
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6.1.5 Dam 5 
 A lined sump to be constructed immediately south of the CBH facility. A plastic or 
concrete liner will be required in recognition of the shallow watertable present at this 
site. A high performance pump will transfer to Dam 2. Subject to Dam 5 proceeding, 
runoff from the central townsite also be also directed to it. 
 The Stewart Street drain is to be re-graded/upgraded (cut and filled) to improve 
stormwater flow north and west to the proposed CBH sump.  
6.2 Option 2:  G roundwater pumping 
No groundwater pumping or drainage options are recommended at this stage. However 
groundwater pumping tests have been undertaken in the townsite and have confirmed the 
viability of this strategy. Should groundwater pumping ever become necessary then it is 
recommended the Stewart Street bore (Production Bore 1) be equipped to pump at 
0.3 L/second. 
Groundwater may be disposed of by:  
• discharging to Dowerin Lake (a Notification of Intention to Pump or Drain Saline Water 
will be required before this option is implemented) 
• shandying with Dam 2 water 
• desalination. 
6.3 Other water management options  
• Waterwise = Saltwise. Plant drought tolerant or salt tolerant species following 
guidelines in the DAFWA Bulletin #4628  
http://www.agric.wa.gov.au/content/HORT/FLOR/BULLETIN4628.PDF  
and other material from the Dowerin Waterwise = Saltwise workshop held in 2004 . 
• Relocation of existing water treatment dam and associated storage dam from Tin Dog 
Creek. 
• Optimise irrigation scheduling and water use efficiency so not to over water 
sportsground, parks and gardens. 
• Construct a waterway in Pickering’s paddock to take overflow from Dam 2 (Machinery 
Field Day Dam) west into Tin Dog Creek. Upgrade the culverts on Koorda Rd and 
railway north of the CBH site to eliminate flooding of small culverts on east side of road. 
• Design reticulation system to couple and integrate water pipelines for all 5 dams. 
• Install a coil drainage system to control golf course salinity and waterlogging. Plant salt 
and waterlog tolerant native perennials along the golf course creekline. 
• Divert catchment water above the golf course into the proposed Metcalf Dam. 
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7. S ummaris ed water management cos ts  
Table 1 Capital costs 
Capital items Details Estimated cost ($) 
Tin Dog Creek Dam #1  i) Refurbish old inlet structure 
ii) Upgrade pump 
3 000 
2 500 
Existing Machinery Field Day Dam #2 (constructed under 
RT-LA 2006) 
Excavation 
Pipe Inlet structure 
Design and supervision 
53 000 
15 000 
8 000 
School Tanks A  
Pipe work  
 25 000 
750 
School Tanks B  
Pipe work  
 25 000 
750 
Proposed Metcalf Dam #3 Construction 
Design and Supervision  
Inlet Structure  
105 000 
12 000 
20 000 
Proposed Anderson Dam #4 Construction 
Design and Supervision 
Inlet Structure 
80 000 
10 000 
18 000 
Proposed CBH Sump Construction 
Design and Supervision 
Inlet Structure  
27 000 
3 000 
3 000 
Existing cross-slope waterway (constructed under RT-LA 
2006) 
Acting as diversion bank 3 000 
Upgrade Stewart St main drain Cut and Fill 4 000 
Promote Waterwise Strategies Waterwise = Saltwise Bulletin 
Raintank Software 
Optimise irrigation scheduling 
1 000 
(est’d) 
Upgrade culverts on Koorda Rd and railway. Construction 
Design and Supervision 
TBA 
Design reticulation system to connect all 5 dams Consultancy 4 000 
8. Analys is  of water management options  
Dowerin has a total existing demand of 39 ML/year (see water balance, Appendix H). The 
total scheme water consumption within the town is 102 ML/yr, comprising 39 ML for indoor 
(household) use and 69 ML/yr of outdoor use. 
Of the 69 ML/yr for outdoor use, 12 ML/yr is consumed by the Shire. The remaining 57 ML/yr 
of scheme water is used outdoors by local residents and businesses. 
27 ML/yr is supplied by local dams (figure based on 50 per cent of dam capacity), and 12 ML 
is provided by imported scheme water. 
Dowerin has the potential to increase the demand by an additional 10.5 ML/year to 
49.5 ML/year1. 
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The potential shortfall of 22.5 ML would be made up by proposed water supply 
improvements summarised in Table 2 below. 
Table 2 Water yields from existing and proposed works 
Option 
Dam storage 
volume 
(ML) 
Catchment description 
and area 
(ha) 
Average 
estimated 
yield  
(ML/year) 
Effective 
volume2 
(50% of dam 
volume ML) 
Proportion of 
total existing 
demand 
(%) 
Town Dam 30 North eastern catchment, 
townsite 'Area B' and CBH 
sealed surfaces 
240 15 38 
Catchment Dam 7 North eastern catchment 
and townsite 'Area B' and 
CBH sealed surfaces 
 3.5 9 
Machinery Field 
Day Dam 
17 Eastern catchment 
Machinery Field Day site 
400 
- 8.5 22 
Proposed 
Anderson Dam 
15 Townsite 'Area C' sealed 
surfaces 
35 
70 7.5 19 
Proposed Metcalf 
Dam 
20 Additional storage to 
supplement Machinery 
Field Day Dam and Town 
Dam. 
Portion of north eastern 
catchment 
Water 
pumped from 
the Machinery 
Field Day 
Dam 
10 26 
Proposed CBH 
Sump 
10 - - 5 13 
TOTALS 99 - 310 49.5 127 
1. Based on potential total locally supplied water plus imported water. 
2. Effective volume assumes 50 per cent losses from total dam storage volume. 
8.1 C os t effec tivenes s  
Installation of the proposed Metcalf Dam (Dam #3) would provide an additional 10 ML 
(effective) of water from the new 20 ML storage unit. This would deliver 26 per cent of the 
town’s total existing demand. With a $135 000 all up capital cost for Metcalf Dam and 
calculated over 30 years, it would equate to $0.45/kL annualised cost in today’s terms. 
This option compares favourably with the reported average cost of $1.00/kL paid currently by 
the Shire for scheme water whenever locally sourced irrigation water runs out. 
A similar analysis for the proposed Anderson Dam (19 per cent of existing demand) and the 
proposed CBH sump (5 per cent of existing demand) returns figures of $0.48/kL and 
$0.22/kL respectively, as annualised costs of producing water from local sources. 
At an average cost of $0.40/kL per annum to produce locally sourced water, this represents a 
saving of approximately $0.60/kL on the purchase of scheme water or a total saving of $7200 
per year. The equation will shift more in favour of locally sourced irrigation water as the cost 
of scheme water increases and supplies become less available. 
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9. R ecommendations  
At the time of writing there was no need for direct intervention to manage groundwater 
levels. However, bore water levels should continue to be monitored and if rising 
watertables are detected, the option of pumping groundwater may be employed. 
On the other hand a number of engineering solutions to manage the town’s surface 
water have been recommended: 
• Install a sump adjacent to the CBH facility to harvest irrigation quality water from the 
site. This will also reduce recharge to the watertable in the Tin Dog Creek Reserve. 
• Modify the drainage in East Street to enable water harvesting from the sealed surfaces 
south of Government Road. 
• Construct a new dam in Anderson’s paddock to hold water harvested from the sealed 
surfaces south of Government Road. 
• Construct a new dam in Metcalf’s paddock to store water pumped up from the new 
dam on the Machinery Field Day site. Water may also be transferred to this point from 
the proposed CBH sump and the proposed Anderson Dam. 
• Connect all the dams to Metcalf Dam to provide a flexible storage capability that can 
gravity feed the towns reticulation needs. 
By implementing recommendations above an additional 50 ML of water storage will be 
provided. This represents a doubling of the Shire’s current storage capacity and should 
enable the dependence on scheme water for irrigation purposes to be eliminated. 
10. R eferences  
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1. Introduction 
This report details outcomes of socio-economic analyses conducted for the Shire of Dowerin 
in February 2007. Results of a desktop study are outlined, incorporating data relating to key 
regional trends and indicators (population, age, household structure, education, employment, 
industry, infrastructure, tourism and recreation), and climate and water. Also discussed are 
findings from a telephone survey of a range of local stakeholders, including the Shire CEO, 
town residents, farmers, industry and community and/or sporting groups. This survey aimed 
to gain an overview of local attitudes associated with water use, management and supply in 
the town. Views about waterlogging, salinisation, reuse of abstracted/treated water, and 
possible industrial/commercial developments arising from new water production were also 
sought. The report concludes with a summary of key results and considerations.  
It is important to note that this research is designed to obtain a brief overview of the 
socio-economic context of the Shire to guide the direction and focus of future research. It is 
therefore limited in terms of the breadth and depth of understanding it offers, and the reader 
should bear in mind that many of the issues discussed require further investigation and 
confirmation through more comprehensive analysis. 
2. Methodology 
The socio-economic analyses were conducted in two phases. The first phase involved a 
desktop study of the Shire, compiling available, relevant statistical and archival data to gain a 
background understanding of the study area. Statistical data was primarily obtained from the 
Australian Bureau of Statistics, State Government agencies, and Shire and regional 
websites. Information pertained to levels and trends for population characteristics, household 
structure, education, employment (and unemployment), income and local industry. Local 
level data was compared to regional and state level data where appropriate. This data was 
supplemented with information about Shire infrastructure, tourism and recreation, and 
relevant climate and water details. 
The second phase involved a telephone survey to gain local views and experiences about 
water use, management and supply in the town, as well as thoughts on local salinity, and 
possible reuse of abstracted/treated water and new industrial/commercial developments 
arising from new water production. The survey sample was designed to ensure a 
cross-section of views was represented in the study. The Shire CEO was interviewed for a 
local government perspective, and several representatives from town residents, local 
landholders, business and community and/or sporting groups were randomly selected for 
interview through White Pages and Yellow Pages directories. There were a number of 
shared questions for each stakeholder group; however questions were also designed to elicit 
specific information from each group as required (see Attachment 1 for the survey 
questionnaires).  
A total of 11 interviews were completed for Dowerin. All participants were informed of the 
nature and purpose of the research, and assured confidentiality of their responses before the 
interview commenced. A strict communications protocol was followed prior to the 
commencement of the telephone survey in which the Shire CEO was informed of the 
purpose of the survey, when it was due to commence, and when all interviews had been 
completed. Following this, a summary of key results was compiled and given to the Shire for 
reference prior to completion of the final report. 
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3. Town information 
The Shire of Dowerin is located in the central wheatbelt of Western Australia, 140 km north-
east of Perth. The Shire covers approximately 1863 km². Approximately 782 people live in 
the Shire of Dowerin, with around 354 of these living in the town centre (Australian Bureau of 
Statistics [ABS] 2001a 2001b). Dowerin townsite is the only town within the Shire. It is found 
at the intersection of Goomalling–Merredin Road and Dowerin–Meckering Road (Whereis 
2005). Dowerin is the host of the Machinery Field Days and during this two day event the 
population of Dowerin can swell to over 15 000 (Travelmate 2007).  
During the 1800s, the Dowerin locality was thoroughfare for gold miners on their way to the 
Yilgarn goldfields (Tourism Western Australia 2007). During this period, one of Dowerin’s 
creeks became known as ‘Tin Dog Creek,’ so named because this area was a common 
disposal location for the tinned beef cans of the miners as they passed through. Dowerin was 
first settled in 1897 for agriculture; however, the town centre was not developed until 1906, 
when the now Northam–Wyalkatchem–Merredin railway line was extended beyond 
Goomalling. After the extension of the railway line, Dowerin grew quickly, owing to its 
increased accessibility and enhanced trade opportunities. In a short period, businesses were 
established that were able to cater for the majority of the town’s needs.  
Although the main tourist event in Dowerin is the Machinery Field Day there are a number of 
other tourist attractions in this locality (Shire of Dowerin 2006). At the western entrance of the 
town students from the Dowerin District High School designed a ‘tin’ sculpture of ‘Rusty’ the 
dog, to highlight the historical significance of Tin Dog Creek. This has since become a local 
icon. Other attractions of historical significance are the District Museum; the Rabbit Proof 
Fence No. 2; the Namelcatchem Reserve and well; the Daren Lakes; Anderson Hall; and a 
number of church buildings built during the early 1900s. 
4. Demographic trends  and indicators 1
4.1 P opulation c harac teris tic s  
 
On census night in August 2001, 782 individuals were counted in the Shire of Dowerin, with 
354 of these living in the town centre (ABS 2001a 2001b). The Shire’s population represents 
0.2 per cent of the population of regional Australia and 0.04 per cent of the state’s population 
(ABS 2006a; Shire of Dowerin 2005). The median age of those living in the Shire of Dowerin 
was reported by the ABS as 35.5 in 2004–05, on par with the median age of those in 
Western Australia at 35.6 (ABS 2006b). Census data from 2001 indicate that there are 
slightly more males than females (407 males and 375 females). Between 1991 and 2001 the 
Shire’s population has decreased by 10.63 per cent (see Table A1). The male population has 
been decreasing slightly more rapidly than the female population over this time period. 
                                               
1 In this report, statistics are presented in relation to both the Shire of Dowerin, and the inner town centre. 
Although most of the information presented will relate to the entire Shire, when information is specific to the 
inner town centre, this will be made explicit.  
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Table A1 Population over time in Dowerin (ABS 2001a) 
 1991 1996 2001 % C hange 1991–2001 
Male 456 433 407 -10.75 
F emale 419 389 375 -10.50 
T otal 875 822 782 -10.63 
Note: These figures include overseas visitors in counts. 
A 10 year analysis of the estimated resident population in the Shire of Dowerin suggests that 
in the period from 1995 to 2005, the population had an overall decline rate of 1.3 per cent per 
annum (Department of Local Government and Regional Development [DLGRD] 2005). 
According to this data, the population appears to have stabilised, with no further decrease in 
population between 2003 and 2005. This information is presented graphically in Figure A1. 
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Figure A1 Estimated resident population 1995–2005 (DLGRD 2005). 
4.2 Age 
Although the most dominant age group represented in the Shire of Dowerin is those aged 
25–54, almost one third of the Shire’s population are under the age of 22 (ABS 2001a; Shire 
of Dowerin 2005). Children under the age of 10 represent 17 per cent of the total population. 
In contrast, only 11 per cent are of retiring age (65+). The majority of age groups represented 
have all declined relative to the 1996 census data, consistent with the overall population 
decline in this Shire. There has been a radical decline in the numbers of 15–19 year olds 
since 1991, which likely reflects national trends of youth migration. Further, the most 
consistent population declines in this Shire have occurred for those aged 24 and under, 
giving further support for national trends of youth migration and an ageing population. For 
those aged 30–39, a major population decrease was exhibited after 1991, although numbers 
have stabilised since then. In contrast to general Shire trends, the numbers of people in the 
45–49; 50–54; 70–74 and 80–84 age groups have increased since 1991. Specifically, those 
in the 45–49 age range have demonstrated consistently high levels of increase since 1991. 
Increases in the 70+ age groups may have resulted from the Shire’s recent efforts to attract 
older residents to the area (Personal communication, Shire CEO February 2007). Population 
trends relative to age group classifications are presented in Figure A2. 
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Total Population by Age in Dowerin
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Figure A2 Total population by age in Dowerin (ABS 2001a). 
4.3 E thnic ity 
A significantly high 94.0 per cent of those living in the Shire of Dowerin are Australian born, 
with only 7.2 per cent born overseas (ABS 2001a). Although 4.75 per cent of those born 
overseas did not state their country of birth, the most popularly cited birthplace other than 
Australia was the United Kingdom (3.98 per cent). Comparatively small numbers of people 
(seven individuals or less) cited birthplaces including New Zealand, the Netherlands, 
Malaysia and Germany (Figure A3).  
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Figure A3 Country of birth excluding Australia (ABS 2001a). 
4.4 R eligion 
There seems to be a significant Anglican influence in the Shire of Dowerin, with 32.0 per cent 
of the total population of Dowerin Shire affiliating with this religious group (ABS 2001a). 
There were also 18.5 per cent of people identifying with the Uniting Church, 15.5 per cent 
affiliating with no religious group, 12.9 per cent identifying themselves as belonging to the 
Catholic Church, and 1.7 per cent affiliating with the Church of Christ (see Figure A4). 
Appendix A. Socio-economic analysis 
A5 
Religious Affiliation
0
50
100
150
200
250
300
B
ud
dh
is
m
A
ng
lic
an
B
ap
tis
t
C
at
ho
lic
C
hu
rc
he
s 
of
C
hr
is
t
Je
ho
va
h'
s
W
itn
es
s
Lu
th
er
an
O
rt
ho
do
x
P
re
sb
yt
er
ia
n
an
d
S
al
va
tio
n
A
rm
y
U
ni
tin
g
C
hu
rc
h
O
th
er
C
hr
is
tia
n
N
o 
R
el
ig
io
n
In
ad
eq
ua
te
ly
D
es
cr
ib
ed
N
ot
 S
ta
te
d
Religion
N
um
be
r 
of
 P
eo
pl
e
 
Figure A4 Religious affiliation (ABS 2001a). 
4.5 Marital s tatus  
In the Shire of Dowerin, 62.1 per cent of individuals aged 15 and over were married; 27.3 per 
cent had never been married; 4.4 per cent were separated or divorced; and 4.2 per cent 
were widowed (ABS 2001a). Relative to Australia wide statistics, a much greater proportion 
of people in Dowerin were married than in wider Australia, and a much smaller proportion 
were separated or divorced. The Australia-wide statistics for these classifications were 
51.4 per cent married and 10.8 per cent separated or divorced (ABS 2006c). In the Shire of 
Dowerin, although the relative proportions of males to females in the ‘married,’ ‘separated,’ 
‘divorced’ and ‘widowed’ categories were roughly similar, the number of males (110) who had 
never been married was almost double the number of females (58) in this category 
(Figure A5).  
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Figure A5 Marital status and gender (2001a) (ABS 2001a). 
4.6 Hous ehold s truc ture 
The household structure found to be most typical was couple families, either with or without 
children (ABS 2001a). On census night 2001, it was recorded that 72.9 per cent of the 
occupied households in Dowerin were family households and 23.2 per cent were lone person  
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households (no group households were found in Dowerin). Of the 232 families counted on 
census night, 47.8 per cent of these were couple families with children; 40.5 per cent 
represented couple families without children; 9.9 per cent were one parent families; and 
1.7 per cent was other families (Figure A6 [ABS 2006b]). 
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Figure A6 Family structure 2001 (ABS 2006b). 
4.7 E duc ation 
The Shire of Dowerin has one combined primary-secondary school (ABS 2006b). The 
Dowerin District High School can provide education up to a year 10 level; however, if 
students want to continue their education to year 12, Northam District High School is located 
approximately 70 km from Dowerin (Shire of Dowerin 2005). The Telecentre in Dowerin 
makes TAFE courses available from the CY O’Connor College of TAFE in Northam. 
Alternatively, those wanting to complete a TAFE certificate can travel to Northam for internal 
study. Muresk Agricultural College is also located in Northam and the Cunderdin Agricultural 
College is a 45 minute drive from Dowerin for agriculture-specific further education. The vast 
majority of those living in Dowerin possessed either a Year 10 or Year 12 level of schooling. 
This trend was consistent across gender (Figure A7 [ABS 2006b]).  
Highest Level of Schooling Completed (2001)
0
20
40
60
80
100
120
Ye
ar 
8 o
r b
elo
w
Ye
ar 
9 o
r e
qu
iva
len
t
Ye
ar 
10
 or
 eq
uiv
ale
nt
Ye
ar 
11
 or
 eq
uiv
ale
nt
Ye
ar 
12
 or
 eq
uiv
ale
nt
Sti
ll a
t s
ch
oo
l
Did
 no
t g
o t
o s
ch
oo
l
No
t s
tat
ed
Year Level Completed
N
um
be
r 
of
 P
eo
pl
e
Male
Female
 
Figure A7 Highest level of schooling completed 2001 (ABS 2006). 
For those still attending school, although the numbers of children attending pre-school and 
primary school are declining, perhaps reflective of the declining population numbers of 
individuals under the age of 12, the numbers of students attending secondary school, TAFE 
and university have all increased over the 1996–2001 period (Figure A8 [ABS 2006b]). 
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Figure A8 Type of educational institution attending (ABS 2006b). 
According to the 2001 Census data, 33.0 per cent of the Dowerin Shire population 
possessed some form of post-school qualification (ABS 2006b). The most common post-
school qualification was a certificate-level qualification, perhaps owing to the town’s proximity 
to the CY O’Connor TAFE and the availability of TAFE courses through the Dowerin 
Telecentre (Figure A9 [Shire of Dowerin 2005]). Advanced diploma or diploma and Bachelor 
Degree qualifications were completed by 5.2 per cent and 5.3 per cent of the Dowerin 
population respectively. Graduate diploma and postgraduate levels of qualification were 
much less common (both 0.5 per cent). However, these statistics may be misleading as they 
do not account for those students who have left the area to pursue higher education 
opportunities. 
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Figure A9 Post-school qualifications (ABS 2006b). 
4.8 E mployment 
In the period 1996 to 2001, overall employment in the Shire of Dowerin has been relatively 
stable (Figure A10 [ABS 2001a]). Male employment has decreased slightly and female 
unemployment has increased slightly over this period. Even though male employment levels 
have decreased, this does not seem to be reflective of increased levels of unemployment 
since Figure A11 shows that male unemployment has declined in this period. Instead, the 
slight decrease in employment for males may actually reflect the slightly higher rate of 
population decline for males relative to females (as summarised in Table A1). Approximately 
3.5 per cent of people aged 15 and over in Dowerin are unemployed, which is much lower 
than the 7.4 per cent unemployed in wider Australia (ABS 2006c). 
Appendix A. Socio-economic analysis 
A8 
Shire of Dowerin Employment
0
50
100
150
200
250
300
350
400
450
1991 1996 2001
Year
N
um
be
r 
of
 P
eo
pl
e
Male
Female
Persons
 
Figure A10 Shire of Dowerin employment (ABS 2001a). 
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Figure A11 Shire of Dowerin unemployment (ABS 2001a). 
4.9 L abour forc e 
In the week prior to census night 2001, 428 people in Dowerin were in the labour force (ABS 
2001a). In total 68.9 per cent of these were employed full-time, 25.9 per cent worked 
part-time, 3.5 per cent were unemployed and 1.6 per cent were employed but did not state 
the hours worked. As can be seen in Figure A12, many more males than females are 
involved in full-time employment and many more females than males are employed part-
time. Approximately half of the females in the labour force were employed full-time, with the 
other half being employed part-time. The majority of males worked full-time, with very few 
employed part-time. 
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Figure A12 Labour force status 2001 (ABS 2001a). 
There has been a steady increase in the number of people employed part-time in Dowerin, 
and a slight decline in the number of people employed full-time (Figure A13 [ABS 2001a]). 
The rise in part-time employment levels is likely to be a reflection of the consistently 
increasing number of females employed part-time over this time period. Although the 
numbers of males employed part-time has been relatively consistent from 1996 to 2001, the 
number of females employed part-time has increased from 50 in 1996 to 76 in 2001. This 
may reflect the increase in the number of women entering the workforce and their general 
preference for part-time, rather than full-time employment. The increased tendency for 
women to participate in off-farm employment part-time (to supplement household income) 
may also account somewhat for this trend.  
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Figure A13 Labour force status 1991–2001 (ABS 2001a). 
4.10 Inc ome 
The average individual annual taxable income for all taxpayers in the Shire of Dowerin was 
reported by the ABS in 2003 to be $33 525 (ABS 2006b). This average income level is 
significantly lower than that of the state and country in 2003, which were reported as $40 187 
and $40 829 respectively (2006c). Although the average income for Dowerin has been  
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increasing over the 2000–2003 period, the most rapid increase was seen from 2000–2001. 
More recently, however, the average income seems to have stabilised according to the 
2002-2003 statistics (Figure A14).  
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Figure A14 Average individual annual taxable income (ABS 2006b). 
4.11 Indus try 
In the Shire of Dowerin, the most popular industry of employment was agriculture, employing 
33.7 per cent of the population over 15 years of age (ABS 2001a). At a much distant second 
was Education, employing 4.6 per cent of Dowerin’s working-age population. Other common 
industries of employment were: Hunting and Trapping (3.9 per cent); Personal and 
Household Good Retailing (2.9 per cent); and Government Administration (2.3 per cent). As 
can be seen in Figure A15, industries expanding over the 1991–2001 period include: Retail 
trade; Communication Services; Accommodation, Cafes and Restaurants; and Cultural and 
Recreational Services. 
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Figure A15 Industry employment (excluding agriculture) 1991–2001 (ABS 2001a). 
For both males and females, the Agriculture, Forestry and Fishing sector was the most 
popular industry of employment, employing 66 per cent of males and 43 per cent of females 
(Figure A16 [ABS 2001a]). In terms of other industries popular for females, Education was by 
far the most popular alternative industry (14 per cent), followed by the Retail Trade industry 
(10.5 per cent). For males, the most popular alternative industry was the Retail Trade  
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industry (7.2 per cent); followed by Wholesale Trade and Construction (4.4 per cent of males 
each); and Manufacturing or Government Administration and Defence (4 per cent of males 
each). 
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Figure A16 Industry employment by gender (excluding agriculture) (ABS 2001a). 
4.12 Oc c upation 
In the Shire of Dowerin, the most frequently cited occupations for employed persons were 
Managers and Administrators (31.2 per cent); Intermediate Clerical, Sales and Service 
Workers (7.2 per cent) and Labourers and Related Workers (7.2 per cent) (Figure A17 [ABS 
2001a]). The most popular occupation for both males and females was Management and 
Administration, however many more males than females were in this occupation Also, those 
working in trades and as labourers were predominantly male. Intermediate Clerical Sales and 
Professional occupations, on the other hand, were dominated by females. 
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Figure A17 Occupation and gender in 2001 (ABS 2001a). 
4.13 V alue of agric ultural produc tion 
In 2002, there were an estimated 154 registered farms in the Shire of Dowerin (Shire of 
Dowerin 2005). The total value of agricultural production for the Dowerin Shire in the year 
ending 30 June 2001 was $36.4 million (ABS 2006b). Of this, $29.9 million came from crops;  
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$2.9 million from livestock and other slaughterings; and $3.6 million from livestock products 
(Figure A18). The main crops grown in this area are wheat and lupins. Livestock produce is 
derived from wool, pigs, sheep, and lambs. 
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Figure A18 Value of agricultural production (ABS 2006b). 
Historically, sheep, meat and wool productions have shown a significant decline since the 
1990s as the returns from these activities have decreased, reducing the viability of these 
agricultural pursuits (Russel 2005). Coinciding with this decline has been an increase in crop 
production in the Northam Advisory District which includes the locality of Dowerin. In the 
future a reversal of this trend may be observed if prices for meat and wool products increase 
(Russel 2005). 
4.14 Trans port and c ommunic ation 
Dowerin has a fairly comprehensive internal road network as well as rail facilities for bulk 
grain freight and a local air strip (Shire of Dowerin 2005). Communications infrastructure 
including reliable internet access, daily mail service, all free-to-air television stations and 
radio stations as well as access to Foxtel® is also available.  
4.15 Health S ervic es  
For emergencies, there is an ambulance based in Dowerin (Shire of Dowerin 2005). For 
general health care, one doctor each from Wyalkatchem and Goomalling provide services to 
the area and visit weekly. The Goomalling Health Service is not a great distance from 
Dowerin (22 km) and is available for more urgent appointments. The nearby Wyalkatchem, 
Koorda and Districts Hospital (18 minutes from Dowerin) does provide a 24 hour emergency 
service, however more comprehensive hospital services are offered by Northam Regional 
Hospital which is 75 km south-west of Dowerin. A dental surgery has been established in the 
Dowerin townsite and a dentist visits on demand.  
4.16 R ec reation 
Dowerin has a variety of sporting clubs including badminton, basketball, bowling, cricket, 
football, go-carting, golf, hockey, tennis, rifle, salt-lake sailing, swimming and netball clubs 
(Shire of Dowerin 2005). Other clubs include the Dowerin Art Group (DAGS), the Dowerin 
Drama and Musical Society, and the Dowerin Craft Club. 
5.  Telephone s urvey 
Further to the desktop study, community stakeholders from the Dowerin Shire were 
contacted to participate in a short telephone interview in February 2007. The purpose of the 
interviews was to gain an understanding of local attitudes and views towards water use, 
management and supply in the town. A total of 11 interviews were conducted for this part of 
the study. Those participating included the Dowerin CEO, three town residents, three  
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farmers, three representatives from the industry sector, and one individual from a community 
(sporting) group. Only a small sample of the Dowerin Shire population was surveyed in this 
preliminary investigation and therefore the opinions described in this report are not 
necessarily representative of the entire Shire. The following is a review of the survey 
findings.  
All participants in the survey sample were serviced by the scheme water system and most 
participants also owned a rainwater tank. All of the town residents used scheme water for 
drinking, and the two residents with rainwater tanks used this water only on their gardens. 
Commercial and residential consumers tended to use scheme water for all purposes. 
Conversely, most of the farmers preferred to drink rainwater arguing that the scheme water 
tasted quite strongly of chlorine. Farmers tended to use scheme water instead for gardens 
and for spraying crops.  
Town residents and farmers were asked about their attitudes towards drinking recycled 
water. All participants were supportive of this idea; however many felt that they would need 
further assurance that it was safe to drink recycled water. On the topic of water use 
efficiency, participants were asked if they recycled water within their household or business. 
Only one town resident recycled water in any comprehensive way, recycling household water 
(from the shower, air conditioner, and washing machine) to the garden.  
In relation to the Waterwise=Saltwise gardening initiative, all respondents from the residential 
and farming sectors were aware of this initiative, with all having adopted at least some 
Waterwise plants in the gardens surrounding their houses. The level to which town residents 
had adopted these plants varied greatly (10 per cent–80 per cent adoption). Generally, 
participants were either making an effort to make sure any additional plants added to their 
gardens were Waterwise, or they were keeping their gardens small to reduce the overall 
amount of water needed on their gardens. Overall, farmers demonstrated higher levels of 
adoption, estimating that at least 50 per cent and up to 80 per cent of the plants in their 
gardens were Waterwise.  
When participants were asked what they would like to see any excess water being used on 
in the Shire there were a diverse range of opinions across the stakeholder groups. The most 
common suggestion from town residents was that excess water should be used for watering 
grassed areas at sporting facilities to help reduce their running costs. Other suggestions for 
the use of excess water included supplementing drinking water and town beautification. The 
most common suggestion made by farmers was to use this water for town beautification.  
Most representatives from the industry sector felt that excess water should be used to water 
Shire parks and gardens and to supplement the existing water supply. Specifically, industry 
representatives felt that excess water should be separated from the general scheme water 
used by farms to supplement the water supply specifically for personal drinking water or for 
industry purposes. The Shire CEO would like to see excess water used to incrementally 
replace wherever the Shire currently uses scheme water, starting with recreational areas, 
then moving to Shire gardens, then for the school and then for industry use.  
All participants were asked if they had any ideas for innovative water management 
strategies. One participant felt that introducing a desalination plant to the area may be a 
viable option for the town, considering that there was already a mineral harvester in the town 
who would be able to sell salt by-products from the desalination process.  
While most people felt that the town could cope with a minor increase in population (up to 
20 per cent), beyond this level, it was generally felt that housing would become limiting. 
While some believed that housing problems would arise due to a lack of land, others felt that 
land was not a problem, and a lack of housing was the issue. One farmer noted that much of  
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the land that might be used for housing is privately owned by farmers who may not wish to 
sell. Most participants felt that the transport and scheme water infrastructure would be able to 
accommodate a considerable population increase arising from industry expansion. Those in 
the farming sector were aware that power supply was close to maximum and power grids 
would need expansion if the town’s population was to increase significantly. The Shire CEO 
pointed out that in terms of power supply and connections, the town is already at its 
maximum and that any additional large draw on power would affect the town.  
There was a very high level of awareness of salinity across all participant groups. Only one 
participant believed that salinity was not a problem in the Shire of Dowerin since the town 
was already very salinity aware and the strategies they were already using (planting trees) in 
the Shire were keeping salinity problems at bay.  
The town CEO did not see Dowerin as having any major tourist attractions, with the majority 
of tourism seen as arising through passing traffic. The Shire was currently focussing on 
tourism objectives, although none of their current project ideas for tourism were related to 
water. 
With regards to water, one of the Shire’s main aims was to reduce reliance on, and 
eventually become independent from, the scheme water supply, while maintaining a high 
standard of town presentation. The strategy for achieving this aim centred on the 
construction of dams in the area that could become the town’s independent water supply. 
The Shire’s vision was ultimately to drought proof this region. Another water related goal was 
the protection of local woodlands through water conservation and enhancing water 
management within the town.  
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Attachment A1:  S urvey ques tions  for town res idents  and 
farmers  
Water s upply 
1. Can you firstly tell me where your water supply comes from? (e.g. scheme water, dam 
water, recycled water, rain/tank water). 
If there is more than one source: 
- are the different sources of water used for specific purposes? (e.g. scheme water 
for drinking water).  
If yes: 
- why? e.g. quality, quantity, availability. 
2. Do you think that the town’s water supply meets demand in terms of quality and 
quantity at present? 
If no: 
- how does this impact you? 
3. Would you be willing to drink water produced from recycled water if there was no 
decline in water quality? 
If no: 
- would you be willing to drink it if your annual water costs were reduced by  
 5 per cent Yes/No 
 10 per cent Yes/No 
 25 per cent Yes/No 
 50 per cent Yes/No 
Water effic ienc y 
4. Can you tell me if you have any of the following: 
- a rainwater tank?  Yes/No  
If yes: what is the tank made of and how much water does it hold?  
- a swimming pool?  Yes/No 
- septic tanks?  Yes/No  
- any paved areas in your house? Yes/No 
5. Do you recycle any water within your household? (e.g. bathwater, washing machine 
water on the gardens). 
6. Are you aware of the Waterwise Gardening initiative, which aims to establish plants 
that are better suited to dry conditions and have low water requirements?  
If yes: 
- have you adopted any of these types of plants for any part of your garden?  
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If yes:  
- approximately what proportion of your garden has plants with low water 
requirements? 
If no: 
- would you be willing to change your garden in order to reduce water use? 
Why/why not? 
F uture water management 
  7. Do you see salinity as a problem in the town? 
If yes: 
- where is the problem occurring? 
  8. If excess water was available in the Shire, e.g. from groundwater extraction, what 
would you like to see it being used on? 
  9. Can you tell me if you would like to see the introduction of any of the following 
industries into the Shire:  
Wineries/vineyards Yes/No 
Aquaculture Yes/No  
Tree farms Yes/No  
Intensive animals Yes/No  
Floriculture Yes/No 
Mineral harvesting Yes/No  
Horticulture Yes/No  
Recreation Yes/No  
Eco-tourism Yes/No 
Salt tolerant plants Yes/No 
Comments: 
10. Do you have any ideas for any other water related industries? 
11. Do you have any ideas for innovative water management? 
B iodivers ity 
12. Do you believe biodiversity (the diversity of plant and animal species) to be of 
importance to your town? Why/why not? (wildflowers attract tourists, native vegetation 
not valued). 
13. Do you believe the town’s water management strategies affect biodiversity? Why/why 
not? 
F uture development 
14. If the town population was to increase due to industry expansion do you think town 
infrastructure and housing and transport would be able to support this increased 
population? Why/why not? 
15. Would you like to add any comments relating to any of the questions I have asked? 
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Attachment A2:  S urvey ques tions  for indus try 
repres entatives  
Water s upply 
1. Firstly, can you please tell me what role water plays in your business? 
2. What is the annual water consumption of the business? Does this vary seasonally or is 
it static throughout the year? 
3. Where does your water supply come from? (e.g. scheme water, dam water, recycled 
water, rain/tank water). 
If there is more than one source: 
- are the different sources of water used for a specific purposes? (e.g. scheme 
water for drinking water).  
If yes: 
- Why? e.g. quality, quantity, availability. 
4. Do you recycle or treat any wastewater?  
If yes: 
- what percentage is recycled?  
- what is done with the rest of the recycled water (waste)? 
If no: 
- if you received funding or subsidies to implement wastewater treatment facilities 
would you consider this as an option?  
- how much funding would you require to make this a viable option for your 
business? 
5. Do you have any private water sources or initiatives to secure private water supplies? 
Water quality/quantity 
6. Does the current water supply meet your business needs in terms of quality and 
quantity, particularly with regard to maintaining viability and high productivity? Why/why 
not? 
- do you see this changing in the future? Why/why not? 
7. Do you think that the water supply meets the town’s needs in terms of quality and 
quantity? Why/why not? 
- do you see this changing in the future? Why/why not? 
8. Could improved water quality help in expanding your business?  
If yes: 
- what percentage of improvement in quality would you need? 
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  9. If higher quality water was available, how much would you be prepared to pay for the 
quality of water that you require? 
5 per cent more than your current annual water cost? Yes/No 
10 per cent more than your current annual water cost Yes/No 
25 per cent more than your current annual water cost Yes/No 
50 per cent more than your current annual water cost Yes/No 
F uture water management 
10. Do you see salinity as a problem in the town? 
If yes: 
- where is the problem occurring? 
11. If excess water was available, e.g. from groundwater extraction, what would you like to 
see it being used on in the Shire? 
12. Can you tell me if you would you like to see the introduction of any of the following 
industries into the Shire:  
Wineries/vineyards Yes/No 
Aquaculture Yes/No 
Tree farms Yes/No  
Intensive animals Yes/No  
Floriculture Yes/No 
Mineral harvesting Yes/No  
Horticulture Yes/No  
Recreation Yes/No  
Eco-tourism Yes/No 
Salt tolerant plants Yes/No 
Related comments:  
13. Would any of these industries be complementary to your needs as a business?  
14. Do you have any ideas for any other new water related industries? 
15. If the town population was to increase due to industry expansion do you think town 
infrastructure, housing and transport would be able to support this increased 
population? Why/why not? 
16. Do you have any ideas for innovative water management? 
17. Would you like to add any comments relating to any of the questions I have asked? 
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Attachment A3:  S urvey ques tions  for community/s porting 
groups   
1. Where does the water supply for your group come from? (e.g. scheme water, dam 
water, recycled water, rain/tank water). 
If there is more than one source: 
- are the different sources of water used for a specific purpose? (e.g. scheme 
water for drinking water).  
If yes: 
- why? e.g. quality, quantity, availability. 
2. What is the annual water consumption for the group? Does this vary seasonally or is it 
static throughout the year? 
3. Do you think that the town’s water supply meets demand in terms of quality and 
quantity at present? 
If no: 
- does this affect the needs of your group? 
4. Does your group recycle or treat any wastewater?  
If yes: 
- what percentage is recycled?  
- what is done with the rest of the recycled water (waste)? 
If no: 
- if you received funding or subsidies to implement wastewater treatment facilities 
would you consider this as an option?  
- how much funding would you require to make this a viable option for your group? 
5 Do you see salinity as a problem in the town? 
If yes: 
- where is the problem occurring? 
6 Do you have any ideas for innovative water management within your group? 
7 ld you like to add any comments relating to any of the questions I have asked?  
Appendix A. Socio-economic analysis 
A21 
Attachment A4:  S urvey ques tions  for the S hire C E O  
Water 
  1. Firstly, can you please tell me what the Shire’s overall long-term vision is? 
  2. What is the place of water in this vision? (supply, quality, management). 
  3. What are the current sources of the Shire’s water supply? (e.g. scheme water, dam 
water, recycled water, groundwater extraction, stormwater harvesting). 
If there is more than one source: 
- What purposes are these different water sources used for? (e.g. scheme water 
for drinking water, recycled for watering ovals). 
If different types are used for different purposes: 
- Why are different types of water supplies used for different purposes? 
(e.g. quality, quantity, availability, cost). 
  4. What is the Shire’s main priority for its water use at this time? (all water types—
scheme, recycled, etc.). Do you see this changing in the future? 
  5. Is there a variation in the amount of scheme water purchased for the Shire during the 
course of the year? (e.g. more in summer). Why is this? 
  6. Are there any plans to change the Shire’s reliance on imported scheme water? 
Why/why not? 
  7. What would be the Shire’s preferred use(s) for any excess water (for example, from 
groundwater extraction) that may be available? 
C hange and development  
  8. ABS data suggests that the population within the Shire has been ….. (steady, 
decreasing, increasing) over the past decade. Are you aware if the actual population 
within the townsite itself has changed during this time? 
If not:  
What do you believe has been the cause of population change in the wider Shire area? 
  9. Have there been any community-led initiatives implemented in the last five years to 
respond to demographic trends in the Shire? (e.g. to increase population). 
10. Have there been any business or industry related changes in the Shire in the last 
decade that you can tell me about? (number, types, etc.). 
11. What is the town’s general capacity for responding to additional demand from new 
industries? (transport, power, water, people and skills…). 
12. Is there any other source of power, either planned or in existence, for community or 
industry, outside of other than State Government provided power (e.g. oil mallees)? 
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13. Does the Shire have plans for tourism development? If so, what are the major tourism 
prospects for the town? Are these projects related to water in any way? 
14. Are there any comments that you would like to add?  
15. Does the Shire have any policy documents or plans relating to water resources that 
may be available to us? 
16. Are there any water action groups and/or community groups that are interested in 
water demand and supply in the town, either because they are concerned or they have 
a vested interest, e.g. a sporting club?  
If so: 
- are you able to give me a contact name and possibly a telephone number for a 
representative(s)? 
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AP P E NDIX B :  Dowerin S hire C ons ultation Notes  
Meeting with Dowerin Shire – 23 November 2005 
Summary of Issues, Priorities and Desirable actions  
(# in Priority Order) 
Shire specified priorities Background or related issue Desired longer term outcomes (preferences)  
1 Investigate groundwater 
dynamics then implement 
strategies to control shallow 
watertables and waterlogging. 
Shallow watertable plus town 
catchment runoff causing 
waterlogging in lower- slope CBD 
area.  
• Develop opportunities for 
commercial utilisation. 
 Provide water for new, yet to be 
commercial enterprise (it is 
acknowledged that options may be 
limited by water availability, 
reliability and quality). 
• Self-sufficiency (1). 
 Provide locally sourced water 
supplies which cater for all existing 
public (non-potable) water 
demands. 
• Self-sufficiency (2). 
 Provide locally sourced water 
supplies which cater for potential 
(non-specified) water demands from 
new industries. 
1 Use latest research findings to 
target various sources 
contributing to flooding and 
inundation in the lower 
townsite.  
 Control runoff and flooding in 
the Dowerin townsite. 
Existing lack of differentiation 
between urban and greater 
catchment area runoff as 
contributors to total runoff and its 
management.  
Reference Stanton & Farmer RT-
LA poster. 
2 Maximise opportunities for 
water harvesting, treatment, 
utilisation and re-use. 
 
3 Link the townsite salinity and 
water control plans to protect 
the Tin Dog Creek Reserve. 
Include a consideration of 
Indigenous issues with Tin Dog 
Creek. 
4 Analyse/optimise options for 
scheme water use. 
Urban water modelling. 
Potential for blending 
groundwater and drain recovery 
water with surface water as an 
alternative to saline groundwater 
dumping. 
5 Integrate CBH into water 
resource sources and solutions 
Communication needs to be 
established with CBH. (Shire, RT-
LA or ACC responsibility …?) 
 General. 
There needs to be consideration 
of environmental impacts at each 
step. 
 

  
AP P E NDIX C :  Dowering s urface water 
Christopher Boyes 
DAFWA 
January 2009 
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1. Introduction 
Water management priorities and objectives introduced under the RT-LA project are 
designed to develop water resources for sustainable water use throughout the town and 
promote new water use options, whilst ameliorating townsite salinity. The surface water study 
area includes the townsite and the catchment area to the east of the town. 
This section of the overall report concentrates on the assessment of all surface water flows in 
Dowerin, management techniques and options (current and proposed) that aim to maximise 
the asset value of these surface water flows, to develop an entire town water balance and 
ultimately a town water resource management plan. All surface water referred to in this 
report is only suitable for irrigation purpose and must not be used for human consumption. 
2. B ackground 
The Dowerin Shire has been involved in the Rural Towns Program since 1998. The 
RT-LA project follows on from that success. 
 
Figure C1 Catchment council boundaries, Dowerin Shire boundary and the location of the town of  
Dowerin. 
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3. S urface water proces s es  
3.1 L ands c ape influenc e on s urfac e water proc es s es  
In the wheatbelt rural towns of Western Australia, there are principally four landscape 
categories that influence surface water processes and characteristics: 
3.1.1 B reak of s lope  
3.1.2 B as in 
3.1.3 V alley floor 
3.1.4 R iverine 
Dowerin is the break of slope category. A break of slope is defined as ‘An abrupt change in 
slope of the terrain’. 
Towns found in similar parts of the landscape are: Dumbleyung, Woodanilling, Morawa, 
Wongan Hills and Nyabing.  
3.2 B reak of s lope c harac teris tic s  
Surface water processes encompass two components: runoff and subsurface flow. Runoff is 
derived from soil infiltration excess or soil saturation excess. When rainfall occurs, a 
proportion infiltrates the soil surface and the remainder is attributed to runoff. Runoff can 
distribute across the landscape from metres to many 100s of metres. Once runoff enters 
valley landscapes it is described as stream flow. 
Subsurface flow is the portion of rainfall that has infiltrated the soil profile. If the soil profile 
has sufficient conductivity (porosity) and connectivity (permeability) then water can move 
through the soil, and slope water will move down slope until a change in soil type or 
characteristic occurs. This is usually associated with the break of slope where the conductive 
top soil is removed and a less conductive soil emerges (Figure C2a). At this point water will 
seep causing some form of land degradation (waterlogging or salinity). 
 
Figure C2a Soil landscape profile: Subsurface seepage process. 
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Figure C2b Dowerin break of slope position plotted on aerial imagery. 
Runoff and stream flow can degrade the landscape if redistribution is not sufficiently 
controlled and any excess removed safely. Overland flow can become saline through two 
processes: accumulation of salt by passing over degraded saline soils or once inundated the 
water infiltrates the soil and under capillary and evaporative pressure ex-filtrates causing the 
remobilisation of salt towards the ground surface. Over time the soil and water resources 
become increasingly more saline. 
The town of Dowerin has both surface and subsurface runoff processes to manage. The 
reason for this will be explained in the next section. 
3.3 C atc hment s etting 
3.3.1 Dowerin regional and s ub-c atc hments  
Dowerin is located in a low to medium rainfall zone with average annual rainfall of 367 mm. 
The townsite is located centrally in the Tin Dog Creek catchment which runs north to south. 
Figure C3 below depicts the greater catchment setting up to 50 km radius from Dowerin.  
The combination of declining average annual rainfall since year 2000 and reduced efficiency 
of these catchments in terms of their high runoff threshold has led to the concept of using 
hard surfaces (with a low runoff threshold) within towns to generate a new source of water. 
Figure C4 depicts the sub-catchments within a radius of 25 km surrounding the Dowerin 
townsite. For the same reasons stated above, these sub-catchments do not offer a reliable 
source of water to the town. 
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Figure C3 Greater catchment setting up to 50 km radius from Dowerin. 
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Figure C4 Sub-catchments within a radius of 25 km of the Dowerin townsite. 
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3.3.2 Dowerin town s c ale c atc hments  
 
Figure C5 Town scale catchment. 
Figure C5 shows the boundaries of the catchments at the scale of Dowerin townsite within a 
5 km radius and the approximate position of the break of slope. The Dowerin town scale 
catchment covers an area of approximately 265 ha and varies in elevation from 272 m above 
Australian Height Datum (AHD) in the west at Tin Dog Creek to 336 m above AHD in the 
east. 
In essence surface water flows originate from the high ground to the east of the townsite, 
flow through the town to the western boundary of Dowerin before entering Tin Dog Creek, 
located approximately 500 metres to the west of the townsite. Tin Dog Creek subsequently 
discharges into Lake Dowerin 5 km to the south. The landscape and location of Dowerin 
dictate that surface water generation is linked to the break of slope topographic condition. 
3.4 R unoff c harac teris tic s  
Several runoff curves (hydrographs) below indicate the occurrence of normal winter rainfall 
and unseasonal ‘event’ based flows. Figure C6 shows the surface water runoff that flowed 
through the CBH culvert from the 1/12/2005 to 30/11/2006. During January and February of 
2006 high intensity rainfall produced significant flooding within Dowerin (Figure C6a). The 
water depth on the hydrograph is raw data and not intended to represent units such as mm. 
The graph shows how the rainfall in January and February 2006 caused surface water flows 
that were atypical compared with an average year. An average year is depicted in Figure C7. 
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Figure C6 Surface water flows through the CBH culvert including January 2006 flood event. 
 
Figure C6a Flooding at the CHB culverts January 2006. 
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Figure C7 CBH runoff hydrograph, 1 year period excluding January 2006 flood event. 
The hydrograph in Figure C7 depicts flows between 01/06/05 and 31/05/2006, the water 
depth is not intended to represent units such as millimetres. 
 
Figure C8 Dowerin townsite area B runoff hydrograph, 1 year period including January 2006 flood. 
Surface flows from the CBH area are represented in the hydrographs below where: flow 
depth, rainfall data, accumulated yield were used to model potential yield from a 1 year 
period: 1/6/2006 to 31/5/2007. 
The hydrographs depict the computed flows of surface water at both the CBH and townsite B 
culverts. The two graphs show the surface water flows over the period 1/6/2006 to 31/5/2007 
for the Townsite Area B runoff and the CBH runoff. 
The harvesting potential shown on the graphs in Figures C3.1.2.5 to C3.1.2.6 are modelled 
yields based on a 10 ML sump and an abstraction rate of 4.75 litres per second. Ideally a 
larger sump would be preferable as this would enable greater quantities of water to be 
harvested. 
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Dowerin CBH Site Runoff - Comparison of Rainfall, Culvert Water Depth & Accumulated Yield
For Period 1 June 2006 To 31st May 2007 
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Figure C10 Surface water hydrograph from CBH: Flow depth, rainfall data, accumulated yield and modelled yields. 
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Dowerin Town Site Area B Runoff - Comparison of Rainfall, Culvert Water Depth & Accumulated Yield
For Period 1 June 2006 To 31st May 2007 
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Figure C11 Surface water runoff from townsite: Flow depth, rainfall data, accumulated yield and modelled yield. 
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3.5 S urfac e water impac ts  on s alinity 
There are distinct areas of land degradation due to increased salinity that is being driven by 
relatively high ground watertable in the immediate vicinity of the degraded land. (Refer to the 
Dowerin salinity risk map in Appendix F). 
There are two benefits of minimising groundwater recharge through improved management 
of surface water: 
1. An additional source of irrigation quality (not for human consumption) water is 
available; and 
2. Salinity can be controlled by minimising groundwater recharge thereby reducing the 
need for groundwater pumping. 
 
Figure C12 The location and extent of the break of slope that characterises the town of Dowerin’s surface 
water generation. 
3.6 Irrigation quality water s ourc es , us e and availability 
Figure C13 indicates townsite areas used to model surface water use and availability. The 
red lines depict the divides of urban land use zones given in the water balance report for 
Dowerin (see Appendix H). 
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Figure C13 Townsite sub-catchments compartments used in modelled runoff calculations. 
3.7 R unoff and yield modelling 
The townsite has been sectioned into three primary areas of interest for ease of analysis and 
reporting. The primary areas of interest are: 
Area A: 77 ha in size and is depicted in more detail in Figure C16a. 
Area B: 30 ha in size and is depicted in more detail in Figure C16b. 
Area C: 35 ha in size and is depicted in more detail in Figure C16c. 
Two additional secondary surface water sources are also identified:  
Area D: The culvert under Stewart Street located at the southern end of the street. 
Area E: The open drain parallel to Government Road southwest of the junction with 
Stewart Street. 
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3.7.1 R elative c ontribution of runoff from eac h area 
The contribution of each area, i.e. area A to E, to the current and potentially future water 
resources of harvested surface water will be discussed later in this section of the water 
management report. 
 
Figure C14 Dowerin east catchment and sub-catchments for modelled surface water yields. 
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Figure C15 Surface water flows generated from within the townsite. 
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Figure C16a Area A: (non-sealed surfaces), Machinery Field Day site. Note the diversion bank created to 
direct surface water runoff to the new dam from the eastern town catchment. 
It is recommended that the town of Dowerin develop a dual supply of surface water, i.e. to 
harvest surface water from both sealed and non-sealed surfaces. 
 
Figure C16b Runoff from Area B (sealed surfaces). 
 
Figure C16c Runoff from Area C (sealed surfaces). 
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Runoff from Stewart Street culvert (Area D) presently includes the surface water that flows 
under Stewart Street from Area C, enters Tin Dog Creek after flowing between the railway 
line and Government Road to the southwest.  
It is recommended that this flow be monitored and quantified to assess the potential an 
additional source of surface water that could be harvested. 
Runoff from the open drain southwest of the junction of Government Road and Stewart 
Street (Area E) flows parallel to Government Road from area C, enters Tin Dog Creek after 
flowing along the southern edge of Government Road to the southwest.  
It is recommended that this flow be monitored and quantified in order to evaluate an 
additional source of surface water that could be harvested. 
Figures C17, C18 and C19 below show the location of existing dams, proposed dams and 
other reticulation work in progress. 
 
Figure C17 Location of dams and flow direction of stormwater drains. 
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Figure C18 Existing storage facilities and location of reticulation facilities in progress. Work in progress 
includes two storage tanks that are to be located at the school grounds. 
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Figure C19 Proposed surface water harvesting, storage and reticulation facilities. 
3.7.2 P ropos ed works  
Table C1 gives details of proposed water harvesting infrastructure, i.e. sumps, pumps, dams, 
storage tanks and connecting pipelines. Table C1 also contains data that depicts current and 
work in progress surface water management assets and shows the cost benefit of individual 
water management assets and combinations of several assets, this enables the best or most 
cost effective solution to be identified clearly. Assumptions used to derive the full cost benefit 
analysis are in Table C2.  
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Table C1 Existing work, work in progress, and proposed dams, sumps, tanks, and irrigation pipelines Key: TS = Town Site 
As s et # S tatus  Dams  S umps  T anks  Irrigation pipelines  Volume or length C apital c os t 
Operating cos t 
per annum 
1 Existing Town Dam, Dam #1    30 ML   
2 Existing Catchment Dam     7 MLtr   
3 Existing Evaporation ponds    4.2 MLtr   
4 Existing Machinery Field Day Dam (Dam #2)    17 ML $52 000 $2 400 
5 Existing    From Town Dam To Showgrounds Oval 1.1 km   
6 Work in Progress   School Tanks A  250 kL $45 000 $1 500 
7 Work in Progress   School Tanks B  250 K Ltr $25 000 $1 500 
8 Work in Progress    Spur From Dam B to Showgrounds Oval    
9 Proposed New Anderson Dam    15 M Ltr $50 000 $2 400 
10 Proposed New Metcalf Dam    20 M Ltr $55 000 $2 400 
11 Proposed  TS + CBH   1 M Ltr $27 046 $1 500 
12 Proposed    New Anderson Dam to Town Dam #1 0.6 km $3 000  
13 Proposed    Combined TS & CBH Sump to Showgrounds Dam 0.9 km $4 500  
Note: The capital cost of ‘School Tanks A’ includes provision of a pump and power supply. 
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Table C2 To be read in conjunction with Table C1 
Asset 
# Status Dams Sumps Tanks Irrigation pipelines 
Volume or 
length Units Capital cost 
Annual 
operating  
Net 
return/Yr 
Net 
return/Yr 
1 Existing Town Dam #1    30 000 m3     
2 Existing Catchment dam #6    7 000 m3     
3 Existing 
Evaporation Ponds 
#7    4 200 m3     
4 Existing 
Machinery Field 
Day Dam #2    17 000 m3 $52 000 $2 400 $7 082  
5 Existing    From Town Dam #1 to Sports Oval 1.1 km     
6 W I P   School Tanks A  250 kL $25 000 $1 500 $9 332  
7 W I P   School Tanks B  250 kL $25 000 $1 500 $9 332  
8 W I P    
Spur from School Tanks A & B to 
Sports Oval pipeline 0.15 km $750    
9 W I P    
Spur from Machinery Field Day Dam 
#2 to Sports Oval pipeline 0.15 km $750    
10 Proposed 
New Anderson 
Dam #3    20 000 m3 $79 546 $2 400 $5 705  
11 Proposed 
New Metcalf Dam 
#4    35 000 M $104 546 $2 400 $4 455 -$4 775 
12 Proposed  TS + CBH   10 000 m3 $27 046 $1 500 $9 230  
13 Proposed    
Pipeline from new Anderson Dam #3 
to Town Dam #1 0.6 km $3 000    
14 Proposed    
Pipeline from new Anderson Dam #3 
to Town Dam #2 0.9 km $4 500    
     Assumptions:       
     Cost of pipeline/km $5 000      
     Cost of pump at TS + CBH Sump $1 546      
     
Cost of pump at Machinery Field Day 
Dam #2 Sump $3 416      
     Cost of power provision $15 000      
    Note:1 
Net return/yr assumes only one option 
is implemented       
    Note:2 
Net return/yr assumes all 3 options 
are implemented       
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3.8 Hydrologic al as s es s ment 
3.8.1 Water redis tribution 
There are four main surface water flows active in Dowerin. These are from the catchment to 
the east of the town, a second off the sealed surfaces within the town north of Government 
Road, a third also off the sealed surfaces within the town but to the south of Government 
Road and lastly from the catchment to the north-east of the town.  
Presently the catchment to the east of the town creates surface water flows that feed the 
Machinery Field Day Dam. The runoff from the sealed surfaces within the town to the north of 
Government Road flows into the Catchment Dam within the Tin Dog Creek Reserve. Runoff 
from the catchment to the north east of town and flows from the CBH site also enter the 
Catchment Dam. The water in the Catchment Dam is used to replenish water in the Town 
Dam.  
3.8.2 R ec harge proces s  
The low lying land to the west of Stewart Street coupled with adverse drainage gradients in 
the surface water drain that runs south to north along the western side of Stewart Street, 
south of the intersection with Fraser Street, is contributing to groundwater recharge and 
subsequently increased salinity at the surface in and adjacent to the open drain. 
3.8.3 S alinity ris k  as s es s ment 
Evidence exists that points toward a risk of salinity at the surface to the west of Stewart 
Street and on the Golf course situated north east of the townsite.  
Three solutions are recommended to resolve these salinity risk areas: 
1. West of Stuart Street the salinity risk is best addressed by re-grading the open drain to 
provide adequate gradient to ensure efficient drain operation and to ensure standing 
water is eliminated (standing water has been observed in this drain for long periods 
during the year).  
On the golf course a two pronged approach is recommended.  
2. Divert the surface water from the salinity affected area and store it in a new dam 
upslope of the eastern boundary of the golf course. 
3. Install a herringbone pattern of subsoil coil drains in the most severely salt affected 
area. 
4. W ater management 
4.1 Town water res ourc es  
Currently the Town Dam stores surface water from the Catchment Dam in the Tin Dog 
Reserve. Water comes from a combination of runoff from the farmland catchment to the 
northeast of the town, the CBH/townsite sealed areas and from the eastern natural 
catchment. 
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4.1.1 E x is ting water s torage 
There are four existing storages to capture and store runoff: 
1. Town Dam 
2. Catchment Dam 
3. Machinery Field Day Dam 
4. Waste water treatment plant ponds 
5. Town Dam has a pipeline that connects it to the sports oval to reticulate this area. 
4.1.2 Water s upply defic ienc ies  
Dowerin is currently purchasing 4200 m3 per annum of scheme water to make up the current 
irrigation water shortfall. The total volume of the Town Dam, evaporation ponds and the 
Machinery Field Day Dam (Dam #2) is 51 000 m3 which provides an effective supply of 
25 500 m3 (after allowing for 50 per cent losses from seepage and evaporation). 
4.2 Water res ourc e development 
There are proposed storages to capture and store runoff in this Plan: 
1. Metcalf Dam (Dam #3) 
2. Anderson Dam (Dam #4) 
3. CBH sump (Dam #5). 
4.2.1 Metc alf Dam (Dam #3) 
The proposed Metcalf Dam is intended to create a new water source for the town of Dowerin 
whilst addressing the salinity problem at the golf course. 
4.2.2 Anders on Dam (Dam #4) 
The proposed Anderson Dam (Dam #4) has been designed to supplement the town water 
resources by harvesting water from an area south of the Wyalkatchem–Goomalling Rd. 
Survey results show that the adverse gradient that currently prevents harvesting surface 
water from the Meckering and Wyalkatchem Roads can be overcome by installation of an 
subsurface drain. The proposed new Anderson Dam is estimated to be approximately 
15 000 m3 to 20 000 m3 this will be confirmed by drilling test bore to establish groundwater 
depth and depth to bedrock.  
4.2.3 C ombined C B H/town s ite s ump (Dam #5) 
The proposed CBH/Town sump (Dam #5) will be a lined sump due to the shallow 
groundwater at the southern end of the CBH facility. The sump will be limited to 
approximately 1000 m3 capacity and will increase the efficiency of water harvesting from the 
CBH/Town site areas by minimising any ground water recharge in the Tin Dog Creek 
Catchment Dam area (just to the north of the Town Dam) with the added benefit of reducing 
salinity risk in the areas within the Tin Dog Creek Reserve and in the areas along the 
western and eastern boundaries of Stuart Street.  
4.2.4 New retic ulation infras truc ture 
Linking the proposed Anderson Dam to the Town Dam, the proposed Metcalf Dam to the 
Machinery Field Day Dam and the CBH sump to the Machinery Field Day Dam by 100 mm 
pipelines is recommended. 
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It is understood that the work in progress to link the Machinery Field Day Dam to the existing 
reticulation between the Town Dam is well advanced and due to be completed when the end 
of the summer watering phase of the sports oval and tennis courts has finished. 
4.3 S alinity management 
4.3.1 S urface water management to remove exces s  water 
Divert the surface water from the salinity affected area and store it in a new dam (proposed 
Metcalf Dam) upslope of the eastern boundary of the golf course. 
4.3.2 Waterwis e initiatives :  R ainwater tanks , native plants , modified watering prac tic es  
Refer to Appendix H of the overall report for detailed information on waterwise initiatives – 
rainwater tanks, natives species and watering regimes. Further information is available from 
Bulletin 4628 ISSN 1448–0352 entitled Wheatbelt waterwise = saltwise, which can be viewed 
at: http://www.agric.wa.gov.au/content/HORT/FLOR/BULLETIN4628.PDF 
4.3.3 S tormwater management – overflow into kerbing, grates , etc . 
A large percentage of water generated throughout the town catchment is from impervious 
surfaces which can be termed stormwater. Capture and utilisation of this stormwater can 
yield significant quantities of water for irrigation or other, non-potable purposes.  
The stormwater generated from the area south of Government Road is currently not 
harvested and it enters the Tin Dog Creek by way of the open drain along the southern and 
northern edges of Government Road to the south west of the junction with Stewart Street. 
Modification of stormwater drains is recommended in East Street to divert water to a new 
dam to be called Anderson Dam. There is also an opportunity to harvest surface water that is 
generated from Government Road which currently enters Stewart Street before exiting from 
a culvert to the north. 
5. C onclus ions  
The Project has identified a unique combination of engineering solutions to enable 
management of the town’s surface water in order to achieve two major goals: 
1. Reduced reliance on scheme water (currently purchased at approx $17 400 per 
annum, 07/08) for irrigating the town’s sporting and recreational assets, and 
2. Reduced salinity risks due to diverting surface water away from areas where flows may 
cause recharge (e.g. at the golf course). 
Additional surface water harvesting opportunities have been identified which will permit the 
Shire to be less dependent on the need to use scheme water for irrigation purposes. 
6. R ecommendations  
1. Construct the new Metcalf Dam to store water pumped up from the Machinery Field 
Day Dam, the proposed CBH sump and Anderson Dam. 
2. Modify the drainage in East Street to enable water harvesting from the sealed surfaces 
south of Government Road. 
3. Construct the new Anderson Dam to hold water harvested from the sealed surfaces 
south of Government Road. 
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4. Construct a lined sump south of the CBH facility to reduce recharge of the watertable in 
the Tin Dog Creek Reserve. 
5. Connect all the dams to Metcalf Dam to provide an integrated storage capability that 
provides the flexibility to gravitate irrigation water throughout the town. 
By implementing the recommendations above an additional 55 ML of water storage will be 
provided. This represents a doubling of the Shire’s current storage capacity and should allow 
the current dependence on scheme water for irrigation purposes to be eliminated. 
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S ummary 
Rapidly acquired non-invasive geophysical surveys were conducted in Dowerin to provide 
information on depth to bedrock, geological structures and salinity. 
Gravity surveying was done through much of the town to provide a rapid indication of depth 
to bedrock. Interpretation showed depths to bedrock ranging from outcrop to about 60 metres 
below ground level. 
A detailed seismic survey was done just east of the railway line in the western part of the 
town to provide detailed information on bedrock depth and detail in the sediments that overlie 
bedrock. Processing and interpretation of the seismic data showed clear definition of the top 
of bedrock with depths in the range of 55 to 90 metres. A small normal fault was located 
close to the grain handling facility. 
A time domain electromagnetic survey was conducted over half of the Dowerin Golf course 
and showed conductivity variations down to about 30 metres. The eastern end of the golf 
course was seen to be the most conductive and saline. It appears that water flowing down 
the golf course carries salt and this salty water dams up against outcropping granites. The 
salty water in turns leads to ground deterioration and dying trees. 
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1. Introduction 
To understand the hydrogeology of a townsite, it is important to understand the underlying 
geology and especially the geometry of the underlying basement rocks and the regolith 
material that lies between bedrock and ground surface.  
Geophysics has been used to provide information on the underlying geology. Geophysical 
methods used in Dowerin were: 
● Gravity survey throughout much of the town and adjacent areas to map depth to 
bedrock. 
● Seismic survey along a 788 metre line just east of the railway line in the west of 
Dowerin to provide detailed bedrock information and layering within the regolith 
materials that overlie bedrock. 
● Time domain electromagnetics (TEM) over about half of the town Golf Course to 
provide information on salinity and an understanding of why ground conditions are 
deteriorating and trees dying in certain areas. 
Geophysical methods are useful because they do not disturb the ground and are low cost 
and rapid. Gravity is particularly useful because it can be widely used, is not affected by 
powerlines or buildings timed to avoid the effects of vehicles passing close by.  
2. B ackground 
The gravity method measures variations in gravity due to density contrasts in the Earth and 
by measuring with high accuracy (about 1 part in 100 million ) we can map detail in the 
underlying geology. The strength of the earth’s gravity field is approximately 980 000 mgals. 
(1 gal is an acceleration of 1 cm/sec/sec). Bouguer gravity is the name given to the gravity 
measurements after correction for all the non-geological components of the field. 
Gravity measurements are made together with accurate GPS surveying to accuracy better 
than 5 cm in easting, northing and height above sea level. The resulting digital elevation 
dataset is a useful product in its own right and can be added to the already known survey 
data in the towns.  
Seismic reflection is the geophysical method used by oil and gas companies to identify 
hydrocarbon reservoirs located kilometres below the Earth’s surface. Seismic reflection is a 
very high resolution method. However it is rarely used for shallow groundwater investigations 
because of the slow rate of data acquisition, high survey costs, and difficulties related to near 
surface noise. Curtin University Exploration Geophysics Department purchased a new US 
Seismic Reflection system and completed trial surveys in Dowerin and Moora.  
The electromagnetic method maps the variations in electrical conductivity of the rocks and 
sediments being investigated. In the time domain method (TEM) used in Dowerin, a 30 x 30 
metre loop was laid out on the ground and a pulsed current transmitted at a frequency of 8 
Hz into the loop. This produces a magnetic field which induces secondary magnetic fields in 
the earth. The rate of decay of these secondary fields is dependent on ground conductivity. 
These fields are measured in the time between current pulses by a sensitive receiver usually 
positioned in the centre of the transmitter loop.  
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3. G ravity s urvey 
Within the Dowerin townsite, 730 gravity stations were measured between 30 August 2005 
and 5 September 2005. The stations were located on 23 lines along streets and roads and 
one line across the golf course. Station spacing was 25 and 50 metres. Each measurement 
takes approximately 3 minutes. Further detail on the logistics and survey operations are 
available in the Haines Surveys report listed in the References section of this report. Gravity 
measurements were made using a Scintrex CG5 gravity meter shown in Figure D1. This 
reads to 0.005 mgals. Readings of 120 seconds were made at base stations and at 40 
seconds at all other survey stations. Base station readings were taken at start and end of 
each day to enable drift corrections to be made. Survey positions were obtained using 
Trimble 4 000 geodetic GPS receivers in real time kinematic mode. These give horizontal 
and vertical positions to within 5 cm.  
 
Figure D1 Scintrex CG5 Autograv meter, top view. 
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Figure D2 Location of gravity stations shown overlaying digital topography. 
Locations of gravity stations are shown superimposed on digital topography (in colour) from 
the Land Monitor dataset, and the road network. Figure D3 shows the computed Bouguer 
gravity for a rock density of 2.67 g/cc. This is the typical density for granites. Figure D4 
shows computed depths to bedrock from the gravity data. These were computed using a 
process known as Euler Deconvolution. Areas in blue are the deepest and showed depths 
down to about 60 metres. Granite bedrock outcrops in some areas, e.g. the golf course and 
the interpretation shows a number of areas where bedrock is very shallow, from surface to 
ten metres. 
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Figure D3 Location of gravity stations, Bouguer gravity and road network. 
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Figure D4 Location of gravity stations, interpreted bedrock depth and road network. 
Appendix D. Geophysical studies 
D6 
4. S eis mic s urvey 
Two north-south seismic survey lines were completed immediately east of the railway line on 
the western side of the town as shown in Figure D5. The results from the northern section 
are shown in Figure D6 below. Shot point and recording interval was every 2 metres. A total 
of 394 shots were recorded giving a total line length of 788 metres. A Seistronix EX-6 
seismic system was used with a hammer source at each shot point. The data were acquired 
and processed by staff and students of Curtin University Department of Exploration 
Geophysics. 
 
Figure D5 Location of seismic lines in Dowerin. 
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Figure D6 Depth converted seismic section using constant velocity of 2 200 m/s. 
 
Figure D7 Seismic section with interpreted top of bedrock. Southern end of line is left hand end of the 
section. 
The top of bedrock is clearly seen in the seismic section with depth in the range 55 to 
90 metres below ground level. Top of bedrock deepens towards the north. The interpreted 
section shows a small normal fault with downthrow to the north. The northing of this fault is 
approximately 6549540 N which is about level with the mid northing of the grain handling 
facility.  
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5. T ime domain electromagnetic s urvey 
A time domain electromagnetic survey was performed on 15 August 2006. This was a very 
wet day but highlighted well where water flows on the golf course in wet conditions. The 
system used a Zonge NT—20 transmitter which for this survey transmitted current into a 
square loop 6 x 6 metres attached to a piece of canvas which was towed behind a utility 
vehicle. In the middle of the canvas was a 1 x 1 metre receiver loop. Data were recorded in a 
Zonge GDP 32 receiver carried in the vehicle. Measurements were made every 20 metres 
and each measurement took less than 1 minute. With this rapid system about half the golf 
course was surveyed in about 4 hours. 
 
Figure D8 TEM transmitter and receiver loop towed behind a utility vehicle. 
Conductivity results are shown as a function of time after current switch off in Figures D6, D7 
and D8. 
The later times show results from greater depths and in this case 48 microseconds is 
showing results from about 30 metres depth. Areas shown in red are the most conductive 
and areas in blue the least conductive. It can be seen that the top eastern end of the golf 
course is the most conductive and this is attributed to saline conditions in this part of the golf 
course. Water flowing down the golf course carried the salt with it and the outcropping 
granite acts as a barrier to this water flow. On the images blue areas probably represent not 
only areas with little salt store but also areas with shallow bedrock which is commonly of 
lower conductivity than regolith. 
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Figure D9 Very wet conditions on the Dowerin golf course on the day of the TEM survey. 
Results are converted to conductivity values and are displayed in Figures D9, D10 and D11 
as images superimposed on aerial photography. Conductivities are shown in the image 
increasing from blue to red. 
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Figure D10 Conductivity results for 3 and 5.5 microseconds after current switch off. 
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Figure D11 Conductivity results for 10 and 16 microseconds after current switch off. 
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Figure D12 Conductivity results for 48 microseconds after current switch off. This corresponds to a depth 
of about 30 metres below surface. 
6. R eferences  
Haines Surveys 2005 Dowerin Gravity Survey Report 0555a, August–September 2005. 
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Watertable elevations have generally drifted slowly in response to cyclical rainfall/recharge 
effects but have not shown a consistent trend either upward or downward over the period 
and shallow watertable elevations (< 2 m) have remained a consistent occurrence in 
observation bores in the west and north-western areas of the townsite. These areas are the 
most prone to salinity damage impacts. Inspection of the watertable elevation trends with 
time combined with the corresponding cumulative rainfall pattern for Dowerin shows three 
changes in slope in cumulative rainfall during the data record period (2000–2007). There is 
an identifiable transition point in the cumulative rainfall trend where watertables shift from 
declining to steady to rising. This can be used as a predictor of future groundwater level 
trends.  
Groundwater investigations (2006): Stratigraphy, aquifer characteristics, fault structures, 
recharge-discharge processes, and potential of interceptor drains for groundwater 
management.  
In 2006, the Rural Towns-Liquid Assets project drilled additional investigation bores to further 
investigate groundwater conditions within the township with the objective of 
identifying/clarifying options for groundwater management. A number of potential targets 
were identified based on a review of the hydrogeology supported by detailed geophysical 
surveys and drilling. Two main aquifers were identified. The lowermost one is located just 
above the granitic basement at up to 40 m depth below ground level and is the most 
extensive beneath Dowerin. It occurs as a result of weathering of basement to saprolite grit. 
The second consists of inter-bedded sand and sandy clay marking the bottom of beds of 
alluvium that overlay areas of the original weathered and sometimes truncated granitic 
profile. The alluvium ranges in depth from a few metres near a basement high beneath the 
main commercial area of Dowerin to more than 14 m depth in the Dowerin Reserve. Two 
new production bores were installed to investigate the potential for pumping groundwater 
from these aquifers, thereby lowering the watertable within the townsite. 
Shallow drilling (< 8 m depth) was undertaken to measure the hydraulic conductivity of the 
alluvium. These data indicated that drains were a feasible option for capturing shallow 
groundwater and lowering watertables below most of Dowerin except possibly, just east of 
Stewart Street. Here there is a basement high which is expected to block the transmission of 
any reduced heads to the east, beneath the main commercial area, arising from a drain 
located beneath the verge of Stewart Street.  
An assessment of the merits of deep drains concludes that they are unlikely to be effective 
management tools due to the impracticality of installing deep drains at the spacing and 
depths required and the issue of drainage water disposal.  
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G roundwater pump tes t res ults  
An alternative groundwater management intervention to drains is the installation of deep 
pumping bores. If a high-volume pumping bore could be sited in front of the commercial area, 
its draw down east of Stewart Street, beneath the main commercial area, is likely to be 
limited by the same basement high. In most areas, other than in front of the commercial area, 
such wells are expected to tap more saline water at deeper levels than drains. Results of 
groundwater pump tests on 06DWPBPB02 and 06DWPBPB03 show that they may be 
pumped continuously at a rate of 1.2 and 2.0 L/s respectively and observed drawdowns 
indicate groundwater pumping as a viable option for watertable management in Dowerin.  
G roundwater management 
In terms of direct groundwater interventions, groundwater drainage and groundwater 
pumping have been evaluated as possibly effective groundwater control strategies. Pump 
test results indicate that groundwater pumping is the best option for managing groundwater 
levels in Dowerin over the short term, with sustainable pump yields of 1.2 and 2.0 L/s being 
achieved. The EC of discharge groundwater will be about 1 000 mS/m (~6 000 mg/L TDS). 
Given the practicality of installing and operating production bores compared to the 
disturbance, time, effort and costs associated with designing and installing deep drains, 
groundwater pumping and disposal of the low salinity groundwater is recommended. Options 
for saline water disposal are: i) via discharge to Dowerin Lake; ii) Mixing with water from Dam 
2 (Showground Carpark Sump); or iii) desalination via reverse osmosis. The relatively low 
salinity of Dowerin groundwater indicates it could be relatively easily desalinated or blended 
to an acceptable fit-for-purpose salinity. While groundwater pumping is proven to be 
effective, implementation of pumping as a groundwater management strategy at this time 
(2009) is not believed to be warranted.  
The reasons for this are: i) that groundwater levels have been declining or static over the 
past eight to nine years of below average rainfall; ii) groundwater level rise is seen to be a 
short term response to rainfall events—a careful monitoring of rainfall and groundwater level 
condition should therefore be maintained in coming years and should there be a significant 
shift in condition a response in terms of groundwater pumping can be considered. A key 
indicator for this is the cumulative rainfall rate. Should action be required, the pump tests and 
installed production bores can be relatively rapidly remobilised.  
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1. Introduction 
The Rural Towns–Liquid Assets Project commenced its most recent phase in 2004. Its aim is 
to develop integrated Water Management Plans for fifteen towns over a period of four years. 
Observations have shown that watertables are rising below these towns. High watertables, at 
depths less than 2 m below the ground surface, are damaging infrastructure such as roads 
and buildings. The integrated Water Management Plans will outline options for augmenting 
each town’s water supply, as well as controlling the depth of watertables to protect assets.  
This report is presented in two parts, firstly a summary of groundwater conditions within 
Dowerin townsite followed by a description and results from the 2006 drilling program in 
Dowerin. Conclusions and recommendation are based on both the summary of groundwater 
conditions and the drilling program. 
Groundwater beneath the rural towns of Western Australia is generally salty and of much 
poorer quality than scheme water. In general irrigation or stock drinking quality water rather 
than high quality water equivalent to the piped scheme is being sought. Such waters can be 
shandied with fresher runoff water or desalinated and then shandied with untreated water to 
produce a resource suitable for irrigation of sporting and other facilities. The project has 
already demonstrated at Wagin and Merredin that the pumping of water from wells is a 
feasible and effective groundwater management option for some towns.  
Dowerin is located in the central wheatbelt of Western Australia 250 km east of Perth. The 
water supply of Dowerin consists of piped water and stormwater runoff harvested using 
surface drains directed to a low lying dam. The hydrogeology of the town was studied by 
Hopgood (2001). In 2006 the hydrogeology of the town was further investigated, with the 
view to delineating further groundwater resources of the town and outlining options for 
controlling watertables.  
Shallow groundwater is generally of better quality than deeper groundwater. The level of 
groundwater salinity in Dowerin is the second lowest of all fifteen rural towns in the RT-LA 
project, ranging in EC from 50 to 2100 mS/m equivalent to a total dissolved solids (TDS) 
range from a minimum of 400 mg/L to a maximum of 15 000 mg/L. The range of salinities in 
shallow and deep groundwaters tends to overlap, but shallow groundwater is slightly less 
saline than deep groundwater. The deeper groundwater can be extracted by pumping from 
wells, but the slightly better quality shallow groundwater can be more easily extracted by 
drains. The town of Dowerin is one of few that are known to have outcropping or shallow 
sandy formations that could be suitable for the installation of drains.  
The specific objectives of the 2006 drilling in Dowerin were as follows: 
1. Assess the potential of groundwater pumping to control the level of watertables and 
thereby protect the infrastructure assets of Dowerin, which have the potential to be 
damaged by watertables within 2 m of the ground surface.  
2. Investigate the potential for secondary water supply derived from groundwater systems 
beneath Dowerin. 
3. Assess the potential of drains for controlling watertables and obtaining better quality 
water than deep bores.  
5. Apply and assess the suitability of various geophysical techniques for defining 
hydrogeological drilling targets in the geological setting of the RTP towns. 
6. Obtain basic hydrogeological information for the Dowerin Nature Reserve that would 
assist in the drafting of future technical proposals aimed at conserving it. 
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Assets listed for protection by the community and incorporated into the Rural Towns–Liquid 
Assets Project mainly included built infrastructure and the historical features of each town. 
This tended to restrict investigations to the older commercial areas of each town. However, in 
case of Dowerin, several drillholes were also located in the Dowerin Nature Reserve 
containing protected vegetation and a notable bird watching facility immediately west of the 
township. The reserve is regarded locally and regionally, as an important attraction of the 
town and its future is currently jeopardised to some extent by rising watertables.  
The rise in watertables is caused by both regional and local influences. The regional 
influence arises from an increase in groundwater recharge caused by the conversion of 
native vegetation to agricultural cropping. Local influences arise also from increased 
groundwater recharge caused by the urbanization of natural landscapes and to a lesser 
extent by the importation of piped water into each town.  
Hopgood (2001) reviewed the hydrometeorology, the lithology and stratigraphy of formations 
beneath the town and the lateral and vertical distribution of groundwater quality. Hopgood 
(2001) also summarises some initial modelling of the groundwater system undertaken by 
CSIRO (Barr and Pollock) based on the data available at the time. A 'safe' long-term 
pumping rate of only 0.3 L/s (about 26 m3/day) was determined and drawdowns at nearby 
monitoring sites were small: 0.1 to 0.2 m at a monitored site 43 m away, and about 0.4 m at 
a site 19 m away. It was concluded that it was not clear whether groundwater pumping would 
be an effective way to lower groundwater levels below Dowerin. This report contains results 
of pump tests from two further production bores which have yielded more optimistic results in 
terms of pumping as an effective way to lower groundwater levels. 
Numerous piezometers were installed at various depths below ground level during drilling for 
later monitoring of changes in potentiometric head and salinity of the groundwater system 
and to provide more information on the character of the groundwater system. One production 
well was installed. This data was combined with other data obtained in 2006 used to try and 
identify sites for further production wells that might lower watertables beneath major assets.  
Rather than duplicate the detailed lithological descriptions of Hopgood (2001), the 2006 
study is restricted to field descriptions of sufficient detail that identify the main stratigraphic 
units described by Hopgood (2001) and to map their extensions laterally and with depth. This 
is useful for modelling the relevant aquifers accurately and devising a groundwater extraction 
and management strategy. Where drilling discovered hydrogeological features that were 
considered important, or were likely to influence local watertables, additional boreholes were 
drilled. 
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2. Overview of groundwater conditions  
2.1 G eneral des c ription and groundwater level trends  
Figure E1 is a location plan of deep and shallow piezometers in Dowerin constructed during 
the RT-LA project. Details of bore construction are given in Table E1. Figure E2 shows 
temporal groundwater level trends relative to ground level in 33 deep and shallow 
observation bores in Dowerin from 1998 to 2007. The depth to the watertable throughout 
Dowerin is strongly related to topographic location as can be seen in Figures E3a and E3b 
where watertable elevation becomes progressively shallower in the topographically low areas 
of the townsite to the west and north-west. This feature of the groundwater condition in 
Dowerin is translated into a salinity risk map for the townsite (Appendix F). The watertable is 
much deeper (e.g. > 9 m) at sites high in the landscape than at sites low in the landscape 
(e.g. 1 to 2 m). Groundwater level data collected since 1999 (Figure E2) indicates several 
important trends: 
  i) That watertable elevations have generally drifted slowly in response to cyclical 
rainfall/recharge effects but has not shown a consistent trend either upward or 
downward over the period. 
 ii) Shallow watertable elevations in lower parts of the landscape tend to respond more 
markedly to rainfall-recharge events indicating that recharge control in such areas is 
likely to be effective in lowering watertable. 
iii) That shallow watertable elevations (< 2 m) have remained a consistent occurrence in 
observation bores in the west and north-western areas of the townsite. These areas 
are the most prone to salinity damage impacts (see Appendix F of the Dowerin Water 
Management Plan).  
iv) An examination of the watertable trends with time combined with the corresponding 
cumulative rainfall pattern (L/T slope) for Dowerin is shown in Figure E4. Two 
representative bores (00DW01D and 00DW01OB) were selected from those in Figure 
E2 to illustrate the trends. The Figure showed three changes in slope in cumulative 
rainfall during the data record period (2000-2007), from 0.75 mm/d (Jan 2000 to Dec 
2002, and two periods of 0.895 mm/d (March 2003 – December 2005 and December 
2005 to Nov 2007). Periods 2 and 3 were marked by a relatively rapid step-change in 
watertable elevation due to a large rainfall event in January 2006. A slow decline in 
groundwater level from mid 2000 to the beginning of 2003 followed by a constant level 
until about August 2005 following which is a slow rising trend continuing into 2006. The 
declining trend in WL occurs when cumulative rainfall slope is of the order of 
0.75 mm/day. 
 There is a transition point somewhere between a cumulative rainfall slope of 0.70 to 
0.75 mm/day and > 0.85 where watertables will start to shift from declining to steady to 
rising. A major rainfall event, (such as January 2006) gives a sharp response on 
watertable elevations which takes several months to fully infiltrate-recharge and cause 
watertable rise. The post-event slope of cumulative rainfall is identical to the pre-event 
value. The important feature to note in the figure is that during periods when 
watertables have declined in Dowerin (2000 to 2002), the linearised cumulative rainfall 
rate has been about 0.75 mm/d. During periods of steady groundwater level condition, 
the linearised cumulative rainfall rate has been about 0.89 mm/d. Thus this indicates 
that groundwater level condition over the short term of months to a few years is 
determined by the rate of cumulative rainfall and the effective recharge rate that this 
generates.  
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v) This empirical observation can be used as a predictor of groundwater level trend for 
future monitoring of salinity and waterlogging impact at Dowerin. Further, it can be 
used to provide an empirical indicator of the amount of surface water 
diversion/drainage over the townsite that would be required to induce watertable 
decline. That is, by translating enhanced surface water discharge from the townsite via 
various surface water management practices, it should be possible to assess its impact 
by relating it to a reduction in the slope of effective cumulative rainfall. More work is 
required to further investigate the precise relationship between surface water 
management and groundwater level management, however establishing this empirical 
relationship provides a basis for semi-quantitative analysis of surface water 
management impacts.  
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Figure E1 Locations of 2000 (Community Bores Project) and 2006 (RT-LA Project), monitoring and production bores. 
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Figure E2 Trend in groundwater level below ground level—Dowerin 1998–2007. 
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Figure E3a Spatial distribution of deeper groundwater levels in Dowerin (mBGL). 
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Figure E3b Spatial distribution of shallow groundwater levels in Dowerin (mBGL). 
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Figure E4 Groundwater level trends for two selected observation bores (00DW01D and 00DW01OB) and cumulative rainfall for Dowerin since 1998. Vertical 
bars are markers showing breaks in slope of cumulative rainfall with connecting linear regressions (broken black lines). 
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3. Methods  
3.1 2006-08 G roundwater inves tigations  
Sources of recoverable groundwater generally occur in stratigraphic units composed of 
sands and gravels of high hydraulic conductivity. Such sediments are rare in the West 
Australian wheatbelt except where they constitute beds within relict drainage channels. Most 
areas are underlain by an Achaean granitic basement, covered by in situ weathering 
products and accumulations of alluvium located in relict basins.  
In the region the rate of erosion is relatively slow in relation to the weathering of the 
basement. This leaves the weathering products referred to as 'saprolite' intact. The early 
stages of weathering involve some minerals especially the micas, becoming hydrolyzed and 
transformed into clay. This weakens the granitic structure and results in intense micro 
cracking and breaking up of the original structure. The partially weathered basement occurs 
as 'grit'. This 'grit' layer has a relatively high hydraulic conductivity of the order of 1 m/d. On 
further weathering, other minerals (feldspars) are hydrolyzed as well and the 'grits' are 
transformed into a pale 'saprolitic' sandy clay, with a hydraulic conductivity of about 0.1 m/d, 
an order magnitude less than the grit (George 1992).  
The depth of weathering and presumably also the thickness of the grit layer is expected to be 
greatest in locations where the depth to unweathered basement is greatest. The thickness of 
any overlying alluvium, which also may contain shallow aquifers, is also likely to be greater in 
valley locations where the depth to bedrock is deepest. Thus in the geological environment of 
Dowerin, viable groundwater recovery was most likely to be occur where the depth to the 
impermeable granitic basement is greatest. 
Faults that fracture the surrounding basement enhance lateral weathering away from the 
fault line. Thus a fault generates localized deepening of the weathered zone, which in turn 
increases the potential water yield.  
Accordingly, the strategy of the hydrogeological investigations conducted in 2006 in Dowerin 
was to locate fault lines where the depth to bedrock was greatest and then drill test holes into 
them. This was undertaken by using geophysical techniques to produce maps and cross 
sections which outlined such target areas.  
Constraints used to prioritize these target areas within the townsite were:  
a) The drilling targets must be located as close to the commercial centre of the town as 
possible where infrastructure risk from salinity risk is high 
b) The drilling rig could safely operate without causing excessive inconvenience  
c) That electrical power sources or lines were located close by to reduce the costs of 
establishing permanent production well sites. 
Once the targets were drilled, the criteria for converting them to groundwater recovery 
production wells was that the water yield during airlifting of the well must exceed 1 l/s. This 
criterion was based on the results of previous hydrogeological investigations in rural towns 
that had identified viable production wells with production capacities in this range. 
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3.2 Drilling method and well c ons truc tion 
A total of twenty one 150 mm diameter exploratory holes were drilled using the Rotary Air 
Blast method. Of these two were converted to production wells and thirteen were converted 
to piezometers, including seven located in the Dowerin Reserve (Table E1).  
Piezometer construction was typically as follows: From the bottom of the hole upwards, 
2 metres of 50 mm class 12 casing commercially slotted (1 mm slots) was fitted with an end 
cap; then 50 mm class 12 plain casing run to the ground surface. Two 25 kg bags (0.033 m3) 
of graded (1.6–3.2 mm) gravel pack were poured into the annulus. This should provide less 
than 0.5 m of pack above the slots. This was overlain by two shovels of coarse drill spoil to 
act as a buffer and keep the bentonite seal from seeping into the gravel pack. The spoil was 
then overlain by a pail (known to fill the annulus over a depth of 1 m) of slow release 
bentonite pellets and finally the remainder of the hole was backfilled with drill spoil. The 
primary aim of the bentonite seal was to prevent water passing down the drillhole to gravel 
pack around the piezometer. 
In some of the deeper holes with thicknesses of grit extending a little above the slotted zone, 
a greater quantity of fill was used above the pack endeavouring to get the bentonite seal 
within an impermeable zone of saprolite. This was done to avoid the possibility of water 
flowing up or down the annulus around the casing and bypassing the bentonite plug by 
divergent flow into the surrounding strata, around the plug.  
Steel stand pipes were placed over the top of casing and then cemented in place. In 
drillholes that became unstable were usually in coarser material that produced water, the 
piezometer casing was the forcing into the collapsed section and then jetted and air lifted 
after installation, until a clear water sample was obtained.  
Six of the exploratory drillholes (06DWPB03, 2, 8, 9/06DWPB02, 10 and 12d) produced 
significant water and two of them were converted to serve as potential production wells. The 
other holes were not converted to production wells because they were located close 
(< 200 m) to the chosen production wells. 
Typically, those drillholes that made significant water were unstable in the zones where water 
was encountered and it was necessary to change the drilling method so as to install casing. 
They were redrilled, using the mud rotary method (250 mm diameter) into which casing, a 
gravel pack and bentonite seals were installed at appropriate levels, in accordance with the 
stratigraphic information obtained from exploratory drillholes that preceded them. The casing 
used in these holes was 155 mm diameter class 12 PVC, with commercially slotted (1 mm 
slots) sections located over the zones of water intake.  
One production bore (06DWPB03) was located next to the CBH grain storage depot 
(Figure E1). It was designed and constructed to capture water from two different aquifers as 
required and to facilitate the use of a packer, to prevent any potential flow between the two 
aquifers encountered. The hole was constructed with 12 m of slotted casing at the bottom of 
the hole to tap the bottom aquifer followed by 9 m of plain casing then 6 m of slotted casing 
to tap the upper aquifer, then plain casing to the surface. One bentonite seal was placed on a 
small amount of spoil just above the top of the lower section of casing. The objective of the 
bentonite seal was to prevent leakage from upper aquifer via the drillhole annulus to the 
bottom aquifer and vice versa.  
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The second production bore (06DWPB02) was constructed about 30 m south of the corner of 
Fraser Street and Cottrell Street (Figure E1) From the bottom up, the casing was composed 
of 2 x 6 m lengths of 1 mm slotted casing with an end cap glued and screwed into the bottom 
of the slotted section, followed by plain 155 mm casing to the surface. The well annulus 
around the slotted casing was filled with graded (1.6–3.2 mm) gravel pack above which drill 
cuttings were placed above the gravel pack to reach the clay saprolite zone. Above the drill 
spoil, 2 m of bentonite was placed within the clay saprolite zone, followed then by drill spoil 
again to the near surface. The top of the bore was then cemented in and steel head works 
added. The objective of the bentonite seal was to prevent leakage from upper aquifer via the 
drillhole annulus through the saprolite zone.  
These production wells were air lifted for up to 1 day until no trace of fines was observed in 
the pumped water. Air lifting generally resulted in a small increase in water yield. 
In addition to these deep wells, a total of eleven shallow test auger holes (150 mm diameter) 
were drilled to a depth less than 10 m to measure the average hydraulic conductivity over 
4-5 m depth below the watertable, to assess the feasibility of installing drains to limit the rise 
in watertables. These test holes were located in a rectangular array extending 1 km north of 
Memorial Avenue and bounded by East Street and Stewart Street. They were drilled to a 
nominal depth of 8 m but due to collapse of part of the hole on final withdrawal of the auger 
rods and air lifting to scour off the clay smearing over the more permeable zones, usually 
meant they were only tested to a maximum depth of 7.5 m. 
In the drillholes of significant depth (> 2 m) below the watertable (some encountered shallow 
bedrock) slotted casing was installed and the holes backfilled with gravel above the 
watertable, which was generally between 1 m and 3 m below ground level. The top of the 
hole was filled with cement and a cement cap was placed over the top of the drillhole. Two 
holes were selected as potential monitoring holes (sp1 and sp2). These had steel locking 
caps placed over them which were removed after the deeper drilling was completed and the 
need for converting these to monitoring holes was removed. The other shallow test holes that 
local people thought unsightly had their PVC caps removed and were resealed at ground 
level. 
3.3 G eophys ic al inves tigations  
A regional aeromagnetic survey had previously been conducted over the area. Copies of the 
reduced data were obtained and though of coarse resolution, were used to identify major 
geological features traversing the area of interest. A gravity survey was also contracted out 
to consultants. This data obtained was reduced to a Bouguer gravity map and then 
processed to produce an Euler depth map. Accuracy of the survey was quoted as better than 
+/- 0.01 mgal.  
In addition to the above surveys two lines of reflection/refraction seismic survey were 
completed over the whole of Dowerin to map the depth of unweathered basement 
immediately in front of the main commercial area of the town. The survey was conducted 
over a distance of 0.8 km along the railway track next to Stewart Street.  
A smaller partly related investigation was undertaken to test the use of the Transient 
Electromagnetic Method to map the depth of conducting salt water as a means of assessing 
the causes of salinity on the Dowerin golf course. 
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2.3 Hydraulic  c harac teris tic s  of aquifers   
A qualitative evaluation of the hydraulic properties of the aquifers being drilled was 
undertaken during the drilling operation by monitoring the water yield (see Table E1) and 
potentiometric heads around each potential production well during their development.  
Slug tests were undertaken in seven of the 11 shallow auger drillholes drilled (the remainder 
did not have sufficient depths available below the watertable or had problems during their 
installation that required any data obtained to be discounted). The slug tests apply to a depth 
interval between the watertable and the bottom of the holes at approximately 7.5 m depth. 
These tests involved placing a pressure sensitive sensor below the watertable and 
measuring the change in pressure head in response to the displacement of the watertable 
caused by the insertion and, after some time, removal of a solid 1 m long by 50 mm diameter 
slug. The rate at which the watertable changes in response to the presence of the slug is a 
measure of how quickly water moves from the drillhole into and out of the surrounding 
formation. This in turn is indicative of the hydraulic conductivity of the transmitting formation.  
The records from these holes, yielded decay half times for the perturbations in head so 
induced. Using the method of of Hvorslev (1951) these half times were combined 
mathematically with the measured length of the test interval and the hole diameter, to yield 
an average hydraulic conductivity for the test section.  
4. G roundwater s tudies  
4.1  S tratigraphy 
In general, the surface soils consisted of gravely sandy clay loams with the amount of gravel 
and sand decreasing with depth. The depth to which the gravel and sand persisted increased 
from 1 m depth in low elevations to 3 m depth in higher elevations. Core log descriptions are 
presented in the attachments. 
At high elevations above the break in slope along East Street, these gravely sandy loams 
overlayed white saprolite (pale grey/white sandy clay). In one drillhole 50 m north of the 
corner of Memorial Avenue and East Street kaolin was encountered below the surface loams 
and sandy clay at approximately 5 m depth. Depth to basement here exceeded 8 m. Along 
Memorial Avenue between East Street and Cottrell Street, hard impenetrable rock (for the 
auger drilled used) at 5–8 m depth was encountered. About 200 m to the SW from this area, 
granitic basement was encountered at 2–7 m depths along the lane way between Jackson 
Street and Goldfields Rd.  
At low elevations levels in the landscape, east of Stewart Street and just north of the Shire 
Offices, layers of sand, clay sands, silty clay and clay sediments occurred below superficial 
yellow clay-sandy soils. These strata were interpreted as alluvium, overlying a relict 
weathered granitic profile. The field logs for Drill-hole 06DW16Ex and Drill-hole 06DW17D 
(see attachment) indicate that this alluvium abuts against the basement high corresponding 
to the elevated areas of the main commercial area. There are large fragments of quartz 
within the alluvium of drillhole 06DW03 indicating that it was located at the margin of this 
area of infilling. The relatively coarse sandy horizon found in drill 06DW17D above the 
saprolite changes in texture to clayey sand in holes more distance from basement high (the 
margin of the basin). This sandy layer generally marks the bottom of the layer of alluvium.  
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Much of the top of the original relict weathered granitic profile is missing in drillholes2
The lithology of drillhole 06DW13 is significantly different from that of all others drilled except 
possibly for sandy unstable aquifer between 12 and 14 m depth that may be the bottom of 
the alluvium basin that occurs further east around the basement high. This aquifer is located 
below a red ferruginous hardpan which was not found outside the Reserve area. It this 
aquifer does represent the bottom of the alluvium basin, it overlies sandier weathering 
products than were observed outside the Reserve, but continuous cave in during drilling of 
the sandy aquifer above 14 m depth and possibly below this depth as well, was adding sand 
to the drilling spoil recovered at the surface. However at 17–18 m depth there was a 
definitely another sandy layer containing dark brown/black minerals. Sandy materials also 
persisted just above a gritty layer of similar texture to the granitic grits found elsewhere, but 
the material was composed of relatively uniform pale green mineral resembling 
metamorphosed fine mudstone sediment. Laboratory analysis of the core would be useful for 
identifying the basement material. 
 
06DW20–06DW23. This suggests there was an old erosion surface in the area that has been 
in-filled in some areas by erosion products the upper landscape.  
At drillhole 06DW15 near the secondary water supply dam, the sandy aquifer making the 
bottom of the alluvium appears to be at about 10 m depth, with in situ weathering products 
below this containing zircons or similar mineral as well as quartz in the sandy fraction. The 
weathering products are different to those found in the group 1 drillholes. Further to the west 
on the western margin of the basin indicated by the Bouguer gravity the sandy aquifer 
marking the bottom of the alluvium occurs at 17 m depth (06DW14), but the basement 
weathering products do not appear to be different from the Group 1 drillholes.  
A layer of calcrete that was difficult to drill was almost ubiquitous over the area of alluvium 
and occurred almost invariably at 5–6 m depth below ground level. This was generally 
underlain by other beds of calcrete that were not as resistant to drilling. Usually the calcrete 
presented itself as small 1–2 mm diameter calcareous/siliceous fragments in the 
augured/drilled material brought to the surface, but sometimes it could not be detected in the 
drill core fragments.  
4.2 G eophys ic s  
The aeromagnetic data obtained was of a scale that it was indicative mainly of regional 
trends and features and therefore could not be used for interpretation of the detailed geology 
of the township. However, the data did show the presence of a strong linear east-west 
trending feature, on either side of the township, the extension of which passes just south of 
the CBH grain storage building but disappears across the township. It possibly marks the 
location or southern margin of intrusives or some other relatively deep structure, judging by 
the width of the anomaly (> 150 m wide). 
The Bouguer gravity map shows an E—W trending gravity low through the centre of the town 
beneath the Council Chambers and then trending to the SW through the Dowerin Reserve. 
This low intensifies 1 km east of the Shire Office and within the reserve. There is a strong 
correlation between the values of Bouguer gravity obtained from the map and the depth to 
basement south of Memorial Avenue along the main N-S line of exploratory drillholes. This 
slope of the line of correlation is consistent with a density for weathered basement material of 
1.5 t/m3. 
                                               
2  Laboratory analysis of the materials making up the profile may better define the boundary between the old 
surface and infilling alluvium.  
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The Bouguer gravity values observed over the drillhole sites fell into two classes, those along 
the line of holes south of Memorial Avenue and the remainder in the Dowerin Reserve and 
north of Memorial Avenue (Figure E1).  
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Figure E5 Bouguer gravity values recorded at each of the drilling sites. Drillholes belonging to Group 1 lie 
south of Memorial Avenue and East of Stewart Street Drillholes belonging to Group 2 lie in the Dowerin 
Reserve and north of Memorial Avenue. 
The seismic data indicated the presence of a continuous strong reflector and high velocity 
layer at about 5 m depth within the basin alluvium on the western margin of the township. 
The strength of the reflections from this layer tends to hide weaker reflections at depth. 
However, in some locations, the seismic method was able to detect another reflector at 15 m 
depth that is faulted results vertical displacements of strata at 60 m and 100 m north of the 
Dowerin Water Display and also adjacent to the SW corner of the CBH grain handling 
building (i.e. at UTM Coordinates 502920E, 6549010N, 502929E, 6548960N). These fault 
lines represent prospective drilling targets for groundwater management. 
4.3 Hydraulic  c harac teris tic s  of aquifers  
Potentiometric heads measured in the piezometers and wells several days after drilling. 
Generally declined with depth except at drillhole 06DW13 where the difference in heads 
between the grits and the sandy aquifer at 14 m depth and also between the sandy aquifer 
and another piezometer located at 8 m depth indicated a possible vertical flow of 
groundwater between both levels. The average vertical gradient in head over the whole 
drillhole was about 0.05 m/m. The gradient was 50 per cent greater in the lower horizons 
below the aquifer at 14 m depth.  
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Monitoring of the heads just above basement in surrounding bores during the construction of 
the two production bores indicated declines in potentiometric head occurred within the grit 
zone up to 250 m away from the potential production wells, within hours of the start of air 
lifting. At the same time there was no response in the sandy aquifer marking the bottom of 
the alluvium near production bore 06DWPB03.  
This information was not gathered to evaluate the properties of the aquifers quantitatively 
which is more accurately done via pump testing (See Section 5). However, the results did 
indicate that pumping of the production wells would result in transmission of potentiometric 
heads laterally mainly through the grits and an extensive draw down zone of at least half a 
kilometre could be expected if wells 06DWPB03 and 06DWPB02 were pumped continuously. 
This was one reason why it was decided not to develop the third well. Relative to the 
expected drawdown it was a little too close to Production Bore 06DWPB01. The second 
reason is that it was thought it might become contaminated during pumping by the presence 
of a soak well located in nearby premises less than 30 m away.  
The average depth interval over which the measurements were made was 4 m. The values 
obtained were for the combined effects of sandy clay and clay layers and the hard pan 
located within the alluvium. All measurements were made above the more transmissive 
sandy horizon marking the bottom of the alluvium (see Attachment, Table EA5). The 
hydraulic conductivity values were log normally distributed with a geometric mean of 
0.15 m/d and a geometric standard deviation 0.8 m/d. The hydraulic conductivity in the sandy 
clay alluvium above the sand aquifer is just a little in excess of that given by George (1992) 
for the saprolite below the alluvium of 0.1 m/d. 
The variation in lithology with depth indicates a declining hydraulic conductivity to a value of 
about 0.1 m/d over the top few metres of gravely loam alluvium as the gravel content 
declines between about 3 m and 7 m depth. Below this level there are layers of sand and 
sandy clay of expected higher conductivity which mark the bottom of the alluvium. Its lateral 
hydraulic conductivity is expected to be higher and could be measured in 06DWPB01 during 
a pump test with a packer or internal sleeve isolating the intake zone of this aquifer from the 
intake zone of the grit aquifer below. 
Where the alluvium deepens, the hydraulic conductivity is likely to increase over about where 
the sandy aquifer is encountered except possibly where the sands change to sandy clay 
further away from the elevated areas of the region including the commercial area.  
Below the alluvium is generally the truncated in situ weathered profile of the basement. The 
lateral hydraulic conductivity is then is expected to declines within the clay saprolite to 
0.1 m/d until the saprolite grits are encountered at depth where Hopgood (2002) gives a 
value of 0.5 m/d based on a long term pump test. 
Observations of the depths at which exploratory holes produced water and the lithological 
logs indicate that there are two horizons that represent the main aquifers in the area. The 
upper layer is a 2-8 m thick layer of sand and clayey sand at a depth of 4-13 m (see 
Table EA4 in the attachments). The thickness and sandiness of this layer increases towards 
the southern boundary of the unfilled basin close to the main commercial area where it also 
contains very large fragments of quartz. 
This sandy layer was also encountered in the year 2000 drilling beneath the road verge 
along Stewart Street. The combined results of the 2000 and 2006 drilling indicated this sandy 
layer abuts against the basement high, the perimeter of which runs south and along Stewart 
Street (50 m E of Stewart St) and then turns east along Fraser Street. 
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There are two fault lines which the seismic survey indicates cross the railway line near the 
main commercial area (Figure E1). Where the 2000 drill logs indicated this layer was missing 
(Figure E6) it was inferred that these two faults were the cause. When the direction of these 
fault lines across the seismic line and the verge of Stewart Street are extrapolated they are 
found to bear off in a NE direction and pass through the location of production bore 
06DWPB02. This bore was located by pattern drilling along a lane way between Stewart 
Street and Cottrell Street seeking areas of high water yield. Relative to bore holes located on 
either side of 06DWPB02, the depth to the bottom of the alluvium and the sandy layer is 
elevated.  
It is concluded that it is likely that this pair of fault lines pass very closely or intersects both 
the production bores found by pattern drilling in both 2000 and 2006 and demark a NE 
trending zone of high water yield through the northern perimeter of the commercial area of 
Dowerin. These fault lines appear to have displaced the sandy layer at the bottom of the 
alluvium upwards, but in the case of production bore 06DWPB02 the sandy layer is still at 
sufficient depth to contribute to the total yield from the bore. 
The second aquifer in the area is often marked by instability in the drillhole as it is intersected 
and occurs just below the saprolite layer at the top of the 'grits' which increases in depth with 
distance away from the basement high beneath Dowerin. The grits in the Dowerin area 
appear to correspond to two stages of weathering of the underlying basement. Immediately 
on top of the basement the granitic structure has been weakened by the weathering of mica. 
Further above, the partial weathering of feldspar or plagioclase has occurred and the hole 
becomes unstable.  
While there are layers of clay and sandy clay between these two aquifers, no significant 
difference in potentiometric head was observed between them (< 20 cm) except at drillhole 
number 13.  
Potentiometric heads were monitored in both the upper and lower aquifer at drillhole 
12 (Figure E1, Table E1) located 160 m SE of production bore 06DWPB03 while it was air 
lifted. While changes in potentiometric head of several cm were observed in the lower aquifer 
within 2 hours of the start of air lifting, no change in head was detected in the upper aquifer 
over the half day it was monitored after the start of airlifting. 
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Figure E6 Profile along Stewart Street of the depth to the upper and lower boundary of the sandy aquifer 
within the alluvium based on drilling logs obtained in 2000 and 2006. 
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Figure E7 Profile of the depth to basement and thickness of saprolite grits along Stewart Street derived 
from the 2006 drilling results. 
Depths to basement and corresponding drillhole ID numbers are given in Table E1. The 
production bore and inferred fault lines occur at about Northing 6549000, where depth to 
basement is greater than 30 m. 
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Table E1 Location and main characteristics of wells drilled in Dowerin in 2006 
Site ID Borehole ID EASTING (m) NORTHING (m) 
Depth drilled 
(m) 
Water level 
BGL (m) 
Depth to top 
of sandy layer 
(m) 
Salinity 
(mS/m) Yield (l/s) Comments 
sp1 DA4 502943 6549671 6.4 1.07 > 6.4 2120 0 Temporary PVC casing 
PB site1  06DWPB03 502940 6549515 36 1.1  830 3 
(assume this is 
a short term 
airlift) 
Production Bore 
10 06DW19D 502940 6549494 38 1.42 8 820 > 1 Piezometer 
12d 06DW20D 503092 6549436 33 2.42 5 1220 1.25 Piezometer 
12s 06DW20S 503092 6549438 9 2.42 5 1220  Piezometer 
sp2 DA3 502947 6549410 8.00 1.73 > 8 1310 0 Temporary PVC casing 
8 06DW24Ex 503011 6549101 30 3.1 9  1.3 Hole filled in 
2 06DW18D 503011 6549072 30 2.52 9 980 > 1 Piezometer 
PB Site2/9 06DWPB02 503012 6549046 32 2.48 4 720 1.2 Production Bore 
3 06DW17D 503012 6548993 17 2.96 8 1250 < 0.5 Piezometer 
1 06DW16Ex 503016 6548896 12  -  < 0.5 Hole filled in 
5 06DW14Ex 503017 6548805 3  -   Hole abandoned 
6 06DW15 503018 6548847 6 2.88 - 100 < 0.5 Temporary PVC casing. Small amounts 
of fresh water 
4 06DW13 503016 6548765 6.2 3.89 - 200 < 0.5 Piezometer. Small amounts fresh of water 
7 06DW12 502912 6548771 10 3.28 - 200 < 0.5 Temporary PVC casing. Small amounts 
of fresh water 
13d 06DW22D 502339 6548959 44 0.2 13 2700 < 0.5 Piezometer (reserve area) 
13 m 06DW22I 502337 6548956 14 1.12 13 3300  Piezometer (reserve area) 
13 s 06DW22S 502336 6548954 8 1.25 - 3500  Piezometer (reserve area) 
15 s 06DW21S 502578 6548837 8 0.93 6 4500  Piezometer (reserve area) 
15 d 06DW21D 502576 6548835 40  1.37 6 2100 < 0.5 Piezometer (reserve area) 
14 s 06DW23S 502077 6548764 7 2.83 - 3900  Piezometer (reserve area) 
14 d 06DW23D 502079 6548764 31 2.82 16 2500 < 0.5 Piezometer (reserve area) 
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4.4 G roundwater s alinity 
In situ measurements of groundwater salinity were made in the auger holes and the 
piezometer some months after the holes were drilled. The water in each piezometer was 
purged by rapid airlifting and then allowed to recover before a measurement was made. The 
salinities values (Table E2) are log-normally distributed.  
The data (Tables E1 and E2) indicate that in the urban area of Dowerin, salinities of shallow 
groundwater, especially where shallow groundwater recharge is taking place, are lower than 
in deeper piezometers. The exception is the Dowerin Reserve, which is a waterlogged area 
where concentration of salts is occurring in shallow groundwater leading to higher salinities in 
the shallow piezometers than in the ones deeper than 10 m.  
Table E2 Variation in groundwater salinity for samples above and below 10 m depth 
 Salinity at < 10 m depth  
(mS/m) 
Salinity at > 10 m depth 
(mS/m) 
Lower Mode Upper Lower Mode Upper 
Auger holes  157 373 242    
Drillholes 1-12 38 488 6202 604 949 1492 
Drillholes 13-15 (Dowerin 
Reserve) 
3066 3945 5077 1798 2615 380 
Locations: North of Memorial Avenue (Auger holes), along Stewart Street (Drillholes 1-12) 
and in the Dowerin Reserve (Drillholes 13-15).  
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5. 2006 Drilling program  
5.1 Hydrogeology 
5.1.1 R ec harge and dis c harge 
It has been demonstrated that there are two aquifers present where alluvium lies above the 
weathered basement. While there are layers of clay and sandy clay between these two 
aquifers, no significant difference (< 20 cm), in potentiometric head was observed between 
them except at drillhole 06DW13. Other than this one bore the difference in heads indicated 
recharge was taking place, which is not unexpected considering drilling was undertaken 
during winter.  
On the spatial scale of a kilometre these data indicate that these two aquifers may be 
assumed to be unconfined as the resistance to vertical flows between and the ground 
surface is small relative to the resistance to horizontal flow.  
Potentiometric heads were monitored in both the upper and lower aquifer at drillhole 12 
(Table E1) located 160 m SE of production bore 06DWPB03 while it was developed by air-
lift. While changes in potentiometric head of several cm were observed in the lower aquifer 
within 2 hours of the start of air-lifting, no change in head was detected in the upper aquifer 
over the half day it was monitored after the start of airlifting. 
5.1.2 B road s truc ture of the region 
The 2006 drilling investigation and geophysical survey confirms the broad aspects of early 
findings by Hopgood (2001). The depth to basement increases northwards along Stewart 
Street from 10 m depth at the southern end of Stewart Street to about 35 m depth between 
500 m and 1000 m to the north. Depth to basement also declines to the east of Stewart 
Street to more than 40 m depth 350 m into the Dowerin Reserve. Alluvium infills an E-W 
trending basin like structure that passes though the township just north of the Shire Office but 
disappears further to the east. To the west it widens and deepens southwards.  
The margin of the basin may be considered to correspond to a Bouguer gravity contour of 
29.8 mgal where drilling just behind the commercial area, indicated a depth to basement of 
7 m. The sandy layer marking the bottom of alluvium infilling this basin occurs down slope 
where the depth to basement is just over 12 m depth and corresponds to a Bouguer value of 
27.75 mgal. 
5.1.3 Other s truc tures  
The drillhole sites can be classified into two groups according to their Bouguer gravity values 
and their location with respect to the NE trending fault lines through 06DWPB03. The group 
with higher values is to the NW of these fault lines, the other group to the SE (Figure E1). 
The Bouguer gravity at drillhole 06DW13 (Group 2) is elevated by about 1.3 mgal. This 
anomaly and the others at drillholes 06DW10, 06DW12, 06DW13, 06DW14, 06DW15 cannot 
be attributed to errors arising from the interpolation process used to produce the maps over 
Dowerin as measurements were made quite close to all these drillholes.  
Ferricrete and silcrete occurs in nearly all the deep drillholes and has a relatively high bulk 
density of about 2.75 t/m3 and 2.5 t/m3 respectively. A 0.5 mgal anomaly could be caused by 
about 10 m thickness of these materials. A 10 m thickness of alluvium sediments of different 
composition to the underlying saprolite could also elevate the Bouguer gravity value by up to 
0.35 mgal (Tracey and Direen 2002). These factors could account for a total Bouguer  
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anomaly of up to about 0.9 mgal, possibly explaining the higher Bouguer values at drillholes 
06DW10, 06DW12 and 06DW15. However, if this was the cause, similar elevated values 
might also be expected at drillhole 06DW18D and drillhole 06DWPB03 where a significant 
thickness of alluvium is also present.  
Drill-hole 06DW22 encountered more basic rock than normally encountered at the depth of 
refusal. Basic rocks were also encountered by Hopgood (2001) near the SE corner of the 
Dowerin Reserve. Since basic rocks generally have higher densities than alluvium and the 
basement and since they are know to occur in the area they would seem to be the most likely 
cause of the elevated Bouguer gravity in this area. These rocks would also be expected to 
have a magnetic signature different from the normal acid basement material encountered. 
However, the regional magnetic data does not support the presence of these rock types in 
this location. Hopgood (2001), noted: 'A zone of sheared bedrock and quartz veining 
interpreted by Lewis (1995) in the upper Tin Dog Creek catchment directly north of Dowerin 
which channels groundwater towards the townsite. A set of dolerite dykes inferred between 
the shear zone and the townsite act as groundwater barriers restricting subsurface flow to 
the townsite.'  
A more detailed ground magnetic survey may elucidate what the structure indicated by the 
Bouguer gravity data is and delineate it. Given the spatial relationship of the two classes of 
Bouguer gravity values with the fault lines through production bore 06DWPB03, structural 
influences cannot be ruled out.  
The seismic profiles indicate another possible reflector at 15 m depth in addition to the one at 
5 m depth in some locations. At about this same depth within the Dowerin Reserve, there is 
layer of ferricrete and red clays (see logs for drillholes 06DW22, 06DW23) which usually 
develop near a watertable when the soluble ferrous ion is oxidised and which may partially 
contribute to the Bouguer anomaly as discussed above. This suggest a watertable may once 
have existed at 15 m depth or more likely, there has been mixing of oxygenated surface 
waters with deeper anaerobic groundwaters in the sandy aquifer at this depth.  
5.1.4 Detec tion of faults  in the bas ement 
Given the likely perturbation to the Bouguer gravity map caused by the presence of basic 
bodies, it was clear that using the Bouguer gravity map to infer the depth to basement was 
not a simple matter. Another method for assessing the depth to basement was sought. 
Fortunately a mathematical procedure exists, known as an Euler transformation, for deriving 
the depth to structures and bodies imbedded within the basement 
The Euler transformation involves assuming that perturbations to the gravity field caused by 
bodies or structures decreases in amplitude and increases in lateral extent with the depth of 
the source. In other words, deeper bodies cause smoother more laterally extensive changes 
to the gravity field while bodies close to the surface cause sudden changes of higher 
amplitude. Thus a Bouguer gravity map can be processed to produce an Euler depth map3
                                               
3  Euler depth maps are usually computed from uniformly spaced Bouguer gravity data. However, in an urban 
environment it is not possible at the resolution required so the Euler map should be regarded as indicative of 
relative depths on the lines where data was actually obtained and not where it has been interpolated.  
 
which may be interpreted as a map of the apparent depth to basement derived from the 
shape of changes in the gravity field in response to say, faults within the basement, which 
are drilling targets. However, not all perturbations in the gravity field come from structures or 
bodies within in the basement. Some may be caused by lateral changes in the amount of  
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ferricrete or silcrete deposited in relatively shallow sediments. Accordingly an Euler depth 
map must still be interpreted in terms of the known geology and other available hydrological 
information. 
The Euler depth map indicated two potential drilling targets, one of which also corresponded 
to a fracture zone indicated by the seismic profiles near the CBH grain handling facility. The 
other was further to the north. Given the objective to find locations in proximity to high-risk 
areas of salinisation and infrastructure damage where pumping would lower the watertable a 
target located next to the CBH grain handling facility was selected for drilling. This became 
Production Bore 06DWPB03. 
The seismic survey was originally applied to map the depth to basement in front of the main 
commercial area and define structures suitable for drilling. The hardness and high acoustic 
velocity of the silcrete limited the transmission of seismic energy into the lower horizons and 
thus reduced its effectiveness in defining the level of the basement. However, its capacity to 
detect fault structures made it an invaluable tool.  
While (fault zones) in front of the main commercial area, these could not be located 
immediately behind the commercial area, where it was thought a pumping well would be 
more effective, because the fault lines bear off to the NE. They presumably cause the 
anomalous thick sandy layers and relatively high water yield at well 06DWPB02. 
Nevertheless, the seismic data did initiate the pattern drilling that eventually located the 
06DWPB02 site. 
5.1.5 F aults  as  trans mis s ive zones  of groundwater flow 
The exploratory drilling and the pump testing of one hole by Hopgood (2001) indicated that 
the ability of a drillhole to make water can be relatively localized. This was confirmed during 
the pattern drilling undertaken to locate 06DWPB02. The production bore drilled in 2000 is 
located within a few metres of the fault line indicated by the seismic profiles. The response of 
potentiometric head in piezometers north and south of this well to the pump test, is 
consistent with the presence of a cross-cutting, transmissive fault line located near the 
pumping well. The reduction in the rate of draw down within minutes of the start of the long 
term pump test is also consistent with the location of a transmissive zone being located only 
metres to the north of the production well installed by Hopgood. 
The 2006 drilling program indicated the same. Drillholes 06DW21Ex, 06DW18D, and 
06DWPB02 are within 60 m of each other. The water yield from these drillholes all exceeded 
1 l/s. However, drillhole 06DW03 located 50 m south of 06DWPB02 made less than 0.5 l/s. 
The difference in yields largely reflects the different thicknesses of the grit layers 
encountered during drilling which appear to be influenced by adjacent faults. Similarly 
drillhole 06DW20 and 06DWPB03 which made good water to the north are also on or very 
near fault lines.  
The drilling results indicate that localized deep weathering does occur in these fault zones. 
While a bore sited in these locations can produce significant water volumes in the short term, 
a sustained yield is more likely to occur where weathering is deep over a wider area. Hence 
the usefulness of gravity for locating extensively deep weathered areas around them as well. 
5.1.6 Inc reas ing depth to the watertable by groundwater pumping 
The observation that airlifting of the production bores resulted in rapid transmission of 
potentiometric heads within the grit aquifer, but no response in the upper aquifer does not 
indicate that the yield from the upper aquifer in the alluvium is any less than from the lower 
'grit' aquifer. It could reflect a higher storage coefficient (elasticity) of the upper aquifer.  
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However, it does indicate that pumping from the lower aquifer is very effective for reducing 
potentiometric heads in the lower aquifer over a wider area in a relatively short time. Based 
on recent experience at Wagin, it is anticipated that well 06DWPB03 bore may have a draw 
down cone that extends a kilometre or so away from the site if it were continually pumped 
and lower watertables over most of the Dowerin Agricultural Display Grounds.  
It is anticipated that well 06DWPB02 to the south will have a draw down of similar extent, but 
the drawdown will eventually be constrained to the SE and the S by the rising basement 
(Figure E7). To some extent, from the location of the fault lines it appears this bore may 
assist the transmission of a reduced potentiometric head along Stewart Street to the south. 
Modelling could assist in determining the extent to which the draw down is transmitted in this 
direction.  
Despite the depth to basement west of Stewart Street, drillhole 06DW15 drilled in front of the 
commercial area within the Dowerin Reserve did not produce significant water. If a fault line 
could be found in this area then it may be feasible to reduce the watertable along Stewart 
Street with a deep well. However, the potential to control watertables at the rear of the 
commercial buildings along Stewart St is limited by the shallow depth to bedrock area 50 m 
east of Stewart Street below the commercial area. Under continued operation, such a bore is 
expected to progressively draw most of its water from the Dowerin Reserve and yield 
groundwater with a salinity of about 2000 mS/m, the in situ salinity measured in wells 
06DW15D.  
5.1.7 P otential of interc eptor drains  for groundwater managemen 
The Rural Towns–Liquid Assets Project has already demonstrated at Wagin and Merredin 
that the pumping of water from wells is feasible option in some towns. Salinity of shallow 
groundwater at Dowerin tends to be slightly higher in shallow bores especially in the Dowerin 
Display grounds where runoff from further upslope accumulates and shallow recharge 
occurs. 
Production wells mainly tap the deeper more saline water while deep drains would be more 
effective in tapping the slightly better quality surface water. The placement of buried 
perforated plastic drains at 3-7 m depth below ground level along the main streets, where 
infrastructure is at risk from high water levels was considered. Such drains could drain 
relatively fresh newly recharged water to a sump, which then could be pumped to a reservoir 
for later use by the towns. The quality of the water obtained would depend on the depth of 
the drains and the shape of the vertical profiles of hydraulic conductivity and groundwater 
salinity. However from the expected drain spacing and depth considered necessary and 
associated infrastructure, drain implementation was considered impractical for Dowerin. Also, 
the successful outcome of the pump tests (Section 4.2) lead to selection of groundwater 
pumping as the favoured option for groundwater management in Dowerin. 
The stratigraphy indicates that at about 5 m depth within the alluvium there is generally, a 
0.5-1 m thick layer of silcrete. This is expected to be relatively impermeable. Above and 
below the silcrete layer, there are clays and sandy clays in the alluvium with gross hydraulic 
conductivity more than 0.15 m/day because this value was obtained using augured holes. 
Auger drilling is known to disturb and destroy the soil structure immediately next to the hole 
especially in clay soils as these were.  
Closer to the surface there are sandy and gravely layers of high hydraulic conductivity. There 
is also a sandy layer with hydraulic conductivity expected to be about 5 to 10 times this value 
but it is generally located well below the silcrete layer at 8 m or more depth. Under these 
circumstances it may be assumed, to a first approximation, that flow to deep drains installed  
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just on top of the calcrete at 5 m depth is essentially horizontal. According to Todd (1959), 
the maximum height 'H' to which a watertable rises above the bottom of the drain in which 
water is kept at level 'h' by a sump is given by: 
H2 = h2 + [a2/4 x (1/(W/K))}  
where the ratio W/K is the ratio of the average recharge rate to the hydraulic conductivity of 
the material between the drains. 
Assumptions: 
a) Nominal recharge of about 20 per cent of the annual rainfall (i.e. 70 mm per year or 
0.0002 m/d). 
b) Value of K = 0.15 m/day obtained from the slug tests giving K/W = 800. 
c) Water in the drain is kept at 0.25 m above the hard pan hardpan. 
d) Nominal drain spacing of 100 m, which is the approximate separation between streets 
in Dowerin. 
It may be concluded that the watertable will be kept at less than 2 m above the bottom of the 
drains. It the drains are installed at 6 m depth on top of the hardpan, the watertable is 
expected to be kept at more than 3 m below ground level.  
This analysis applies to steady state conditions. In the wheatbelt, winter rainfalls are 
notoriously variable. In some years up to 100 mm might be expected and in some areas 
where runoff concentrates and recharges the aquifers an even higher rise in watertable to 
the ground surface might occur. The time it takes for drains to equilibrate to their normal 
steady state condition becomes important. 
A measure of the response time for such a system is its decay half time. This is the time it 
takes for 50 per cent equilibration to occur. The system half time is simply 1.4 times the ratio 
of the conductance to water through a system and its internal storage capacity (storage 
coefficient). In this case, a measure of the conductance is the transmissivity of the aquifer 
and the storage coefficient may be assumed to be 0.2 (Table E3). For drains separated by 
100 m distance, the time constant is 350 day. As the estimates of the hydraulic conductivity 
of the relevant layers are uncertain due to the drilling method used (auguring) the time 
constant for drainage effectiveness is considered too uncertain to warrant an investment in 
drain construction.  
Nevertheless, were a drain to be installed along the western road verge of Stewart Street to 
protect the main commercial area, the water it would drain to the east is likely to be high 
quality but it would also capture very salty water from the Dowerin Reserve (06DW15S). The 
potential to control watertables beneath the rear of he main commercial buildings is also 
limited by seepage down slope on top of the shallow bedrock in the same way that lowering 
of the watertable by a bore is limited. 
To lower watertables on the eastern verge of Stewart Street, beneath the commercial area, 
the favored option requires two components: 
a) The lowering of watertables in front of Stewart Street with a well providing a fault line 
can be found west of Stewart Street or a drain, and  
b) The harvesting of shallow recharge and surface flows down slope to Stewart from the 
east, by installing shallow intercepting drains immediately on top of the basement 
starting in the lane-way behind Stewart St and further upslope as required. It is 
anticipated that the water collected from these interceptor drains will be of high quality. 
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In conclusion: deep drains oriented along street easements do not emerge as a feasible 
option to control watertables in Dowerin or to obtain a low salinity water supply. In addition, 
runoff also would have to be managed effectively and prevented from ponding, such that the 
viability of drains will be threatened. 
5.1.8 F urther work 
The Bouguer gravity map contains anomalously high values NE of the NW trending fault line 
inferred from the seismic and bore-log data that are not easily explained by the above 
basement lithologies encountered by drilling. These higher values may be related to 
structures or bodies that affect the groundwater flows south beneath the Dowerin Reserve. 
Future work aimed at improving the understanding of the hydrogeology of the Dowerin 
Reserve could include conducting a detailed ground magnetics and possibly also 
electromagnetic surveys to outline these structures and any subsurface waters they 
impound. 
It is proposed that long term pump tests and associated monitoring of potentiometric heads 
near the surface within the alluvium and in the saprolite grit around the two production bores 
be undertaken. This will allow the hydraulic properties of the aquifers to be determined and 
facilitate the evaluation of long term pumping as a strategy for obtaining an additional water 
supply and lowering watertables.  
The potential for drains to capture water would appear to be much enhanced the deeper they 
can be inset because the deeper drilling results indicate the presence of a sandy layer below 
7 m depth over much of the area of interest. However, to get drains close to this layer they 
would have to intersect the hardpan and then are likely to collect more saline deeper water. 
Before this is considered modelling of the flow system with drains above and below the 
hardpan would be useful for determining the resolving:  
● The sensitivity of the average salinity of water pumped from a sump collecting water 
from the drains, on drain depth, drain spacing  
● The sensitivity of average salinity of water obtained from drains on variations in 
hydraulic conductivity with depth, in particular the presence of the silcrete layer(s) 
● The relative salinity obtained from a bore and shallow drains 
● The relative merits of a single drain or multiple drains 
● The rate of equilibration of the watertable between drains. 
Some work is needed to determine the relative costs of installing and maintaining drains 
relative to the cost of installing and maintaining the long term operations of wells and well 
fields.  
Given the simplicity of installing and operating a bore compared to the disturbance time effort 
and costs associated with designing and installing deep drains, further exploratory work in 
front of the main Commercial area on Stewart Street aimed at finding a fault line could be 
considered.  
Consideration to the disposal of salty water collected by drains and the longer term 
consequences of recycling salty groundwater to the overall salt balance of the groundwater 
system beneath the town could be useful.  
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6. Drainage as s es s ment 
Factors that influence the effectiveness of a drainage system are the thickness of the soil 
layers above bedrock being drained, the hydraulic conductivity of these layers, depth of the 
watertable, the amount of water stored in the soil profile that can be removed by free 
drainage and the annual recharge rate. The volume fraction of water that can be removed 
from the soil profile by free drainage is variable and can range between 0.01 for heavy dense 
clay soils to 0.3 for sands (Table E3). For drains separated by the order of 50 m a 
reasonable assumption in the wheatbelt is that lateral flow to a drain occurs.  
In some Dowerin, relatively impermeable clays overly deeper, more transmissive layers. 
Water moves laterally through the permeable layers to the drain while the clays above drain 
vertically into the more permeable layer below but at a slow rate. In effect the permeable 
layers are confined in the short term but unconfined in the longer term. Confined aquifers 
have storage coefficients (storativity) in the range of 5 x 10-5 to 5 x 10-3. Any assessment of 
the feasibility of drains needs to consider both the time and length scale of the scheme under 
consideration and the time during which field tests are undertaken.  
In the case of Dowerin and Moora, it is know that in the time scale of a year, significant 
recharge occurs within the aquifers and that in the time scale of a year there are no 
significant differences in potentiometric head across confining clay layers. Accordingly when 
considering time scales of a year the most appropriate storativity to be used in drainage 
design are those of the surface horizons.  
Assessment of aquifer properties in the short term using plot drains is undertaken in the time 
scale of months. Measurements of the flow into the drain and lateral changes in 
potentiometric head yield both and aquifer effective transmissivity and storage coefficient. 
The surface clay layers initially act as a confining layer. This results in a small storage 
coefficient determined largely by the elastic properties of the aquifer concerned, but with 
time, drainage of the upper layers can occur and the effective storativity of the system 
increases. The additional water flowing into the sandier layers (delayed yield) slows the rate 
of lateral propagation of the change in potentiometric head away from the drain. 
The best way to cope with this issue would be to use the test drains to derive and effective 
confined storage coefficient and transmissivity and then to compute the propagation of head 
change using storativity appropriate to the surface soil under consideration (Table E1). For 
the clay and sandy clay soils sedimentary derived soils at Dowerin and Moora a surface 
storage coefficient of 0.15 is probably the most appropriate.  
To compute the transmissivity also requires the flow into the drain be monitored. This is most 
conveniently undertaken by determining the relationship at the field site between the 
pumping rate and electricity consumed and then monitor the power consumption. The later is 
also useful for calculating reimbursement of the power used.  
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Table E3 Storage coefficient for superficial layers (soils) 
Soil type Volumetric moisture content at field capacity 
Soil bulk dry density 
Tonne/m3 Storage coefficient 
Coarse sand 0.06 1.7 0.30 
Fine sand 0.1 1.6 0.30 
Loamy sand 0.14 1.5 0.30 
Sandy loam 0.2 1.3 0.31 
Light sandy clay loam 0.23 1.3 0.28 
Loam 0.27 1.3 0.24 
Sandy clay loam 0.28 1.3 0.23 
Clay loam 0.32 1.3 0.19 
Clay 0.40 1.3 0.11 
A reasonable assumption with stratified deposits is that drainage flows are essentially in a 
lateral direction, though this needs to be checked. Solutions for the change in potentiometric 
head after the installation of a drain for various stratigraphic configurations are available in 
the literature. A convenient and easy method for assessing the feasibility of a drain to draw 
down the watertable is to regard the physical situation as analogous to the conduction of 
heat in solids. The analogy is exact for the situation where drainage largely occurs laterally 
through sandy layers in the soil profile and dewatering of these layers does not occur. This 
situation seems to be the case in both Dowerin and Moora.  
Under these conditions the solution to the drainage equation is: 
H = Ho (1-erf{x/[(4 kt) 0.5]}  
where H is the change in elevation of potentiometric head in the transmitting layer at distance 
x from the drain at time t and k = Hydraulic diffusivity which is equal to the ratio of the 
transmissivity (T) to the storage coefficient (S) of the transmitting layer and Ho is the step 
change in potentiometric head within the drain. 
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Figure E8 Fractional response in the level water at to a step change in potentiometric head within a drain 
at various distances from the drain, for a confined superficial aquifer assuming the ratio of the 
transmissivity (T) to storativity (S) of unity. 
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7. P ump tes ts  
7.1 Introduc tion 
Test pumping was undertaken in July 2007 by DAFWA on two production bores drilled and 
constructed in Dowerin in 2006. The production bores, 06DWPB02 and 06DWPB03, were 
drilled as part of the 2006 investigations during the Rural Towns- Liquid Assets project. The 
location of the production bores and monitoring bores are shown in Figure E1. 
The two production bores were drilled and constructed to see if pumping groundwater was a 
feasible method of controlling rising watertables and associated salinity damage in Dowerin. 
The test pumping program was designed to calculate aquifer parameters at the production 
bore location. These parameters will enable the calculation of long term pumping yields and 
the extent of the cone of depression. 
This report presents data collected during the testing pumping and the analyses of the 
production bore and monitoring bore data to provide an estimate of the long-term sustainable 
discharge rate and recommended pumping depth. A summary of the test pumping and 
results of an existing production bore, 00DWPB01, drilled and test pumped in Dowerin in 
2000, is included in this report. 
7.2 2000 tes t pumping of the 00DW P B 1 produc tion bore  
Test pumping of the Production Bore 00DWPB01 was carried out by Test Pumping Australia 
in 2000 (Hopgood 2001) to determine aquifer hydraulic parameters. The pumping tests 
comprised two parts: 
(a) A multi-rate test that consisted of a series of controlled step increases in the pump rate 
with the discharge being maintained at a constant value within each step; data from 
this test is used to set the rate for the constant rate test, evaluate the hydraulic 
properties of the bore and assess the effectiveness of development 
(b) A constant rate test that involved pumping the bore at a constant discharge rate for a 
period of 4350 minutes and measuring the varying drawdown throughout the test; data 
from this test is used to evaluate aquifer hydraulic properties such as transmissivity and 
storativity. 
During the tests, the flow rate was monitored using an orifice weir assembly and water levels 
were measured using an electric water level probe. 
Table E4 Relevant details of test pumping. 00DWPB01 test pumping summary 
Starting date: 27 July 2000 
Pump Inlet Setting: 30 m 
Available Drawdown: 27 m 
Contractor: Test Pumping Australia 
Pump: Electric Submersible 
SWL (mBGL): 1.69 
PVC Casing Diameter: 125 mm Class 9 PVC 
Slotted Depth (mBGL): 5–33 
Saprolite Grits Aquifer (mBGL): 30–33 
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7.3 Multi rate tes t 
The static water level in the bore at the time of testing was 2.805 metres below the reference 
point (1.705 mBGL). The multi rate test was conducted on 27 July 2000, with four 30 minutes 
steps at discharge rates of 0.1, 0.4, 0.7 and 0.85 L/sec. The total drawdown at the end of the 
multi rate test was 28.07 metres. 
The multi rate test data is presented in Figure EA1 as a plot of drawdown versus time for 
each of the four steps. 
7.4 C ons tant rate tes t 
The constant rate test on the Test Production Bore commenced on 2 August 2000 and was 
conducted for 4350 minutes (72.5 hours) at a pumping rate of 0.3 L/sec. Total drawdown in 
the test bore over this time was 9.44 metres. The drawdown data from the constant rate test 
are presented in Figure EA2 as a plot of drawdown versus time. The rate of recovery of the 
water level in the bore was measured at the completion of the constant rate test. 
A summary of the calculated aquifer transmissivity is presented in Table E5. 
The storativity calculated from the deep monitoring bores is in the range 0.0003–0.0002. The 
storativity values indicate that the deeper aquifer is confined or semi-confined. 
Projection of the data obtained during the constant rate pumping test indicates that the bore 
is capable of maintaining a long-term abstraction rate of 0.3 L/sec. At this rate, a drawdown 
of 1 metre from pumping could be expected to be observed up to 100 metres from the 
pumping bore. It could be possible to pump 00DWPB01 at 0.6 L/sec in the short term, as 
long as no boundaries are intersected. 
Table E5 Production and monitoring bore transmissivities 
Bore name 
Intake interval 
above AHD 
(to nearest 
metre) 
Lateral 
distance 
from pump 
(m) 
Final 
drawdown 
(m) 
Transmissivity (m2/day) 
Cooper and 
Jacob (time-
drawdown) 
Theis 
(curve 
fitting) 
Cooper & 
Jacob 
recovery 
00DWPB01 241-269 0.1 9.44 6 2 5 
00DW07D 240-242 41.7 0.27 20 34 22 
00DW07OB 268-272 42.7 0.12 NA NA NR 
00DW08D 244-246 150 0.35 21 74 NR 
00DE08OB 268-272 149 0.07 NA NA NR 
00DW10D 239-241 35 1.04 11 13 14 
00DW11D 241-243 20 1.34 10 8 12 
00DW11OB 268-272 19 0.38 NA NA NR 
AHD: Australian Height Datum; NA: analysis not relevant; NR no recovery. 
7.5 2007 tes t pumping 
The test pumping was carried out in the week starting 09/07/2007 and a test pumping 
summary is shown in Table E6. The procedure in both bores consisted of a 4 step step-test 
with 60 minute steps and a 24 hour Constant Rate Test (CRT) starting the day after the step 
test. Recovery was measured after the pump was turned off for at least 3 hours before the  
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pump was removed and then sparse measurements after the pump was removed. The test 
pumping was carried out by DAFWA staff using DAFWA equipment. 
The drawdown data were analysed using computerized methods designed for 
homogeneous, isotropic confined and unconfined aquifers of large areal extent. Since the 
production bores intercepted several aquifer zones of limited size and the piezometers 
monitored only restricted intervals, the results should only be considered as indicative. 
Table E6 Dowerin test pumping 2007 summary 
06DWPB02 Step Test started 11/07/2007 at 14:00 
Step 1 2 3 4 
Q (L/s) 0.6 0.8 1.2 1.7 
CRT started 12/07/2007 at 08:00 with discharge rate (Q) = 1.22 L/s 
Pump used: Grundfos SQ 7-50 
06DWPB03 Step Test started 09/07/2007 at 16:05 
Step 1 2 3 4 
Q (L/s) 0.7 1.5 3.0 4.0 
CRT started 10/07/2007 at 09:00 with discharge rate (Q) = 1.72 L/s 
Pump used: Grundfos SP30-4 
The following observation bores were monitored using dataloggers during the CRT of 
06DWPB02: 06DW18D, 06DW17D, 00DW04D, 00DWPB01, 00DW10D, 00DW11D and 
00DW08D. The following observation bores were monitored using dataloggers during the 
CRT of 06DWPB03: 06DW19D, 06DW20D, 06DW20S and SP2. A summary of the 
production bore details are in Table E7 and the observation bore summaries are in Table E8. 
To avoid pumped groundwater contaminating the Town Dam sump or Tin Dog Creek, it was 
transported by tanker to a salt lake south of the townsite.  
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Table E7 Production bore summary 
Bore name Easting (GDA) 
Northing 
(GDA) 
TD drilled 
(metres) 
SWL 
14/05/2007 
(mBGL) 
Airlift 
yield 
(L/s) 
Drilling method Drilling diameter (mm) Bore casing 
Slots* 
(mBGL) 
Water quality 
TDS (mg/L) 
EC (mS/m) 
pH 
06DWPB02 503011.6 6549045.7 32.0 2.06 1.2 Air then 
reamed using 
Mud rotary 
150  
then reamed to 
250 
155 mm 
Class 12 
PVC 
16.1 to 28.1 Lab results 
6000 
1090 
6.7 
06DWPB03 502939.8 6549515.5 36.0 0.65 3.0 Air then 
reamed using 
Mud rotary 
150  
then reamed to 
250 
155 mm 
Class 12 
PVC 
8.9 to 14.9 
23.9 to 35.9 
Field Test 
NA 
940 
6.2 
* Pumps will need to be shrouded when pumping from these production bores. 
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Table E8 Observation bore summary 
Bore name Easting (GDA) Northing (GDA) PVC casing diameter (mm) Slots (mBGL) 
Airlift yield after 
construction 
(L/s) 
Airlift yield during 
drilling (L/s) 
SWL 14/05/2007 
(mBGL) 
00DW04D 503138 6549114 50 24.9–26.9 0.06 - 3.63 
00DW08D 502921 6548934 50 27.2 –29.2 0.12 - 2.04 
00DW10D 502930 6549127 50 32.7–34.7 0.06 - 1.97 
00DW11D 502931 6549179 50 31.5–33.5 0.35 - 1.96 
00DWPB01 502930 6549159 125 5–33.0 0.75 - 2.01 
00DW17D 503012 6548993 50 14.2–16.2 - < 0.5 2.47 
00DW18D 503011 6549072 50 26.0–28.0 - > 1 2.26 
06DW19D 502940 6549494 50 29.05–31.05 - > 1 0.72 
06DW20D 503092 6549436 50 30.2–32.1 - 1.25 1.92 
06DW20S 503092 6549435 50 6.05–8.05 - - 1.66 
SP2 ~502947 ~6549410 50 8–10? - - 1.82  
(10/07/2007) 
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6.6 Tes t pumping analys is  – 06DWP B 02 
6.6.1 S tep T es t 
The step test for 06DWPB02 comprised 4 60 minute duration steps with pumping rates (Q) of 
0.6, 0.8, 1.2 and 1.7 L/s (Fig. 11). About 14.76 metres of drawdown (s) occurred in the bore, 
starting from a static water level (SWL) of 2.60 metres below ground level. Figure EA4 shows 
the calculated drawdown curves for the different pumping rates. The calculated nominal bore 
efficiency is 86 per cent at a discharge of 1.2 L/s. 
6.6.2 C ons tant rate tes t and rec overy 
Based on drawdowns obtained during the step test the discharge rate for the CRT of bore 
06DWPB02 was set at 1.22 L/s. Starting from a SWL of 2.82 metres below ground level the 
drawdown at the end of the 24 hour CRT was 12.74 metres. 
Time drawdown and recovery plots are shown in Figures EA5 and EA6. A distance 
drawdown plot is shown in Figure EA7 and a plot of long term yields is shown in Figure EA8. 
A transmissivity of 10.2 m2/day was calculated from the drawdown curve in the production 
bore using the method of Theis. The method of Cooper Jacob was used to analysis the 
drawdown curve of 06DW18D and this gave a figure of 13.8 m2/day 
Table E9 Production bore 06DWPB02 and monitoring site transmissivity values 
Bore name 
Lateral 
distance 
from pump 
(m) 
Final 
drawdown 
(m) 
Storativity Transmissivity (m2/day) 
Cooper and 
Jacob (time-
drawdown) 
Cooper and 
Jacob (time-
drawdown) 
Theis 
(curve 
fitting) 
Cooper & 
Jacob 
recovery 
06DWPB02 0.12 12.74 NA 15.0 10.2 16 
06DW18D 26.6 2.15 0.0013 13.8 22 15 
06DW17D 52.5 1.06 0.0018 14.5 32 15 
00DW10D 115 0.11 0.0014 92 150 180 
00DWPB01 140 0.09 0.003 120 150 180 
00DW04D 144 0.43 0.0007 35 41 45 
00DW08D 144 0.24 0.0010 55 54 60 
00DW11D 156 0.05 0.005 160 210 250 
A transmissivity value of 12 m2/day and a storativity value of 0.0015 have been adopted as 
being characteristic of the aquifer at 06DWPB02. The drawdown curve has been extended to 
show the possible drawdown if the bore is pumped continuously at 1.2 L/s. The long term 
drawdown line does not take into account the effects of boundaries that could be 
encountered. Any boundaries encountered would cause a steepening of the drawdown line. 
Pumping from 06DWPB02 at a rate of 1.2 L/s is calculated to have a drawdown of 1 metre 
100 metres from the production bore. 
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6.7 Tes t pumping analys is  – 06DWP B 03 
6.7.1 S tep tes t 
The step test for 06DWPB03 comprised 4 60 minute duration steps with pumping rates (Q) of 
0.7, 1.5, 3.0 and 4.0 L/s (Figure EA9). About 13.6 metres of drawdown(s) occurred in the 
bore, starting from a static water level (SWL) of 1.16 metres below ground level. Figure E10 
shows the calculated drawdown curves for the different pumping rates. The bore efficiency 
could not be calculated as the bore was still developing during the step test. 
6.7.2 C ons tant rate tes t and rec overy 
Based on drawdowns obtained during the step test the discharge rate for the CRT of bore 
06DWPB03 was set at 1.72 L/s. Starting from a SWL of 1.71 metres below ground level the 
drawdown at the end of the 24 hour CRT was 9.27 metres. 
Time drawdown and recovery plots are shown in Figures EA11 and EA12 respectively. A 
distance drawdown plot is shown in Figure EA13 and a plot of long term yields is shown in 
Figure EA14. The distance drawdown figure shows that the observation bore closest to 
06DWPB03 has a drawdown greater than it is calculated to be. This could be because the 
observation bore is only screened over the bottom 2 metres whereas the production bore is 
screened over the entire aquifers. The drawdown curve for 06DWPB03 also shows a 
boundary effect at 120 minutes when the drawdown curve steepens. 
Table E10 Production bore 06DWPB03 and monitoring site transmissivity values 
Bore name 
Lateral 
distance from 
pump 
(m) 
Final 
drawdown 
(m) 
Storativity Transmissivity (m2/day) 
Cooper and 
Jacob (time-
drawdown) 
Cooper and 
Jacob (time-
drawdown) 
Theis 
(curve 
fitting) 
Cooper & 
Jacob 
recovery 
06DWPB03 0.1 9.27 - 13.1 27 30 
06DW19D 21.3 8.73 0.0001 12.5 5.5 13 
06DW20D 171.5 0.55 0.0005 32 25 32 
06DW20S 171.0 0.39 0.0008 36 12 32 
SP2 85.5 0.17 0.005 21 11 20 
A transmissivity value of 25 m2/day and a storativity value of 0.002 have been adopted as 
being characteristic of the aquifer at 06DWPB03. The drawdown curve has been extended to 
show the possible drawdown if the bore is pumped continuously at 1.7 L/s. The 
recommended long term pumping rate is 2.0 L/s. The long term drawdown line does not take 
into account the effects of boundaries that could be encountered. Any boundaries 
encountered would cause a steepening of the drawdown line. 
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7. C onclus ions  and recommendations  
Temporal trends in watertable level condition in Dowerin are shown to be determined by 
rainfall-recharge processes. Periods of decreasing groundwater level (e.g. 2000 to 2003 are 
shown to reflect a comparatively low slope in cumulative rainfall during that period of about 
0.75 mm/d. Two subsequent periods of higher cumulative rainfall rate (~0.89 mm/d) resulted 
in more or less steady groundwater level conditions.  
Large rainfall events induce a step change in groundwater level over several months 
following the event. It is recommended that the long term cumulative rainfall condition is 
monitored as a useful predictor of long-term groundwater level condition. Having identified an 
empirical relationship between cumulative rainfall and groundwater level condition, this 
relationship can be used to empirically evaluate which surface water harvesting and/or 
diversion strategies are likely to have the greatest impact on groundwater levels. 
Evaluation of temporal and spatial groundwater conditions in Dowerin does not identify a 
need for immediate (2009) intervention to manage groundwater levels in the high salinity risk 
area to the north-east area of the townsite. If pumping was undertaken monitoring of the 
borefield would need to be started to analysis the borefield performance. This would include 
monthly monitoring of selected observation bores, monthly monitoring of water quality from 
the production bore(s) and monthly recording of abstraction figures from the production 
bore(s).  
7.1 P roduc tion bore 00DWP B 01 
Can be pumped continuously at a rate of 0.3 L/s. This will have an effect at least 100 metres 
away. The EC of the water will be approximately 1100 mS/m. The pump should be shrouded 
and set at 30.0 metres, giving approximately 27 metres available drawdown. 
7.2 P roduc tion bore 06DWP B 02 
Can be pumped continuously at a rate of 1.2 L/s. This will have an effect at least 100 metres 
away. The EC of the water will be approximately 1100 mS/m. The pump should be shrouded 
and set at 26.0 metres, giving approximately 21 metres available drawdown. 
7.3 P roduc tion bore 06DWP B 03 
Can be pumped continuously at a rate of 2.0 L/s. This will have an effect at least 200 metres 
away. The EC of the water will be approximately 950 mS/m. The pump should be shrouded 
and set at 33.0 metres, giving approximately 30 metres available drawdown. 
The above pumping rates are a guide only and long term pumping could encounter boundary 
effects. The test pumping analyses assume an infinite aquifer which is not the case in 
Dowerin. 
7.4 Water utilis ation 
There are some options or combinations of options for the use of groundwater from a 
production borefield in Dowerin: 
1. Discharge to a safe disposal site. This would require a notice of intent (NOI) to pump 
water from the Commissioner of soil and land Conservation, DAFWA. 
2. Use of the water as it is, for example irrigating salt tolerant turf grasses or for dust 
suppression. 
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3. Shandy the water with other water sources to increase the water quality so it can be 
used for irrigation. Other water sources include surface water runoff and treated 
wastewater. 
4. Desalination. Desalinated water could be produced with a salt content as low as 
20 mS/m. However, the permeate (desalinated water) could not be used for drinking 
purposes due to the to likelihood of organic contaminants in the groundwater. The 
effluent from the desalination plant would be a concentrated saline solution which 
would have to be disposed of by evaporation or further processing. This option would 
also require a notice of intention to the Commissioner of Soil and Land Conservation. 
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9. Attachments  
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Figure EA1 Multi rate test data. 
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Figure EA2 Drawdown data from the constant rate test. 
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Figure EA3 Step test results for 06DWPB02. 
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Figure EA4 Calculated drawdown curves for different pumping rates. 
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Figure EA5 Time drawdown and recovery plots: 06DWPB02. 
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Figure EA6 Time drawdown and recovery plots: 06DWPB02. 
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Figure EA7 Distance drawdown plots: 06DWPB02. 
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Figure EA8 Long-term yields: 06DWPB02. 
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Figure EA9 Step test: 06DWPB03. 
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Figure EA10 Calculated drawdown curves for 06DWPB03. 
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Figure EA11 Time drawdown plots 06DWPB03. 
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Figure EA12 Time recovery plots 06DWPB03. 
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Figure EA13 Distance drawdown plot 06DWPB03. 
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Figure EA14 Long term yields. 
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Table EA1 Bore locations 
Bore ID Easting Northing 
OODW09 502754 6548502 
OODW08 502781 6548784 
OODW010 502790 6548977 
2(2006) 503012 6548993 
OODW01 502791 6549009 
OODW011 502791 6549029 
PB02(2006) 503015 6549045 
OODW07 502796 6549071 
10(2006) 502958 6549509 
Table EA2 Bore characteristics 
  Depth of basement 
Top of saprolite 
grit 
06DW11 6549509 -36.22 -32 
06DW09 6549441 -38 -25 
06DW13 6549101 -33 -25 
06DW13 6549070 -30 -25 
06DW13 6549045 -30 -18 
06DW14 6548993 -32 -16 
DW07 6548896 -17 -10 
06DW03 6548872 -12 -3 
06DW03 6548847 -3 -3 
06DW04 6548763 -6 -5 
Table EA3 Slug test results. Values of hydraulic conductivity determined from slug tests undertaken in 
shallow drillholes located north of Memorial Avenue 
Location Intake length (m) 
K 
m/d Ln(K) 
North of Fraser 7.6 0.264808 -1.32875 
North of Fraser 5 0.174216 -1.74746 
North of Fraser 4.65 0.162021 -1.82003 
Fraser St 2.6 0.090592 -2.40139 
Fraser St 2.5 0.087108 -2.44061 
Memorial Av 1.9 0.662021 -0.41246 
Memorial Av 1.6 0.055749 -2.88689 
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Table EA4 Lithology of samples obtained from the shallow auger drilling undertaken between Memorial Street and the northern boundary of the Dowerin Agricultural Day 
grounds 
Depth 
(m) 
Hole ID 
1 2 3 6 7 8 9 10 11 12 14 
1 red brown 
gravelly clay 
loam 
gravelly 
yellow brown 
sandy clay 
yellow brown 
gravelly 
sandy clay 
gravelly pale 
brown sandy 
clay 
pale brown 
gravelly 
sandy clay 
orange 
gravelly 
sandy clay 
brown 
gravelly 
sandy clay 
brown 
gravelly 
sandy clay 
red brown 
gravelly 
sandy clay 
red brown 
gravelly silty 
clay 
orange brown 
gravelly 
sandy clay 
2 light brown 
silty clay 
red brown 
gravelly 
sandy clay 
red brown 
sandy clay 
(gravely 
gritty) 
 gravelly pale 
brown sandy 
clay 
pale red 
brown clayey 
sand 
brown 
gravelly 
sandy clay 
brown 
gravelly 
sandy clay 
red brown 
gravelly 
sandy clay 
red brown 
gravelly 
sandy clay 
red brown 
gravelly silty 
clay 
orange brown 
gravelly 
sandy clay 
3 light brown 
silty clay 
yellow brown 
sandy clay 
red brown 
sandy clay 
(gravelly 
gritty) 
light brown 
sandy clay 
pale brown 
gravelly 
sandy clay 
brown 
gravelly 
sandy clay 
light brown 
sandy clay 
red brown 
gravelly 
sandy clay 
maroon silty 
clay 
light brown 
silty clay 
maroon 
brown sandy 
clay (gravelly 
gritty) 
4 light brown 
silty clay 
yellow brown 
sandy clay 
yellow brown 
sandy clay 
light brown 
sandy clay 
pale brown 
gravelly 
sandy clay 
brown 
gravelly 
sandy clay 
light brown 
sandy clay 
with white 
calcrete/ 
silcrete slivers 
light brown 
gravelly 
sandy clay 
white clay 
with silcrete/ 
calcrete 
fragments 
light brown 
silty clay 
maroon 
brown sandy 
clay (gravelly 
gritty) 
5 yellow brown 
sandy clay 
red brown 
sandy clay  
yellow brown 
sandy clay 
clayey red 
brown sand 
slivers grey 
calcrete/ 
silcrete 
pale brown 
clay (gravelly 
gritty) 
brown clay Massive silty 
clay 
medium 
brown clay 
white clay 
with silcrete/ 
calcrete 
fragments 
massive clay maroon 
brown sandy 
clay (gravelly 
gritty) 
6 yellow brown 
sandy clay 
red brown 
sandy clay  
red brown 
clay (minor 
sand) 
clayey red 
brown sand, 
slivers grey 
calcrete/ 
silcrete 
pale brown 
clay (gravelly 
gritty) 
brown clay   massive white 
clay 
white clay (no 
quartz) 
maroon 
brown clay 
7 gravelly gritty 
sandy clay 
red brown 
sandy clay  
red brown 
clay (minor 
sand) 
clayey sand pale brown 
clay  
white sandy 
clay 
(saprolite) 
    pale brown 
sandy clay 
8 gravelly gritty 
sandy clay 
red brown 
sandy clay  
 clayey sand pale brown 
clay  
white sandy 
clay 
(saprolite) 
    pale brown 
sandy clay 
9 massive red 
brown sandy 
clay 
red brown 
sandy clay  
 clayey sand        
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Table EA5 Field core lithological logs for Dowerin (2006) 
Dowerin Hole No. 06DW 01 
Notes Calcrete 5.5 to 8 m deep. Hole infilled 
Well log:  
1 to 3 m red-brown gravelly sandy clay (SC) 
4 m red-brown SC 
5 m purple-mauve silky clay 
6 m red-brown SC (calcrete flakes) 
7 m light brown SC (calcrete flakes) 
8 m light brown SC with micaceous clay 
9 m light brown fine SC; coarse fraction quartz particles only 
10 m light brown fine SC; coarse fraction quartz particles only 
11 m light brown fine SC; coarse fraction quartz particles only 
12 m light brown SC; coarse fraction quartz and feldspar  
Dowerin Hole No. 06DW 02 
Notes  Hole collapse between 28 to 33 m. Characteristic of grit. Grits start at 25 m. 
Well log:  
1 m brown gravelly SC 
2 m bright yellow/brown SC 
3 m dark red-brown SC 
4 m bright yellow/brown gravelly SC 
5 m bright yellow/brown SC 
6 m red-brown SC 
7 m red-brown SC 
8 m red-brown SC 
9 to 11 m white clayey coarse sand  
12 m pale yellow-white clayey sand (fine) 
13 to 21 m white SC with a silky feel with quartz making up sandy component  
22 to 23 m white coarse gritty SC  
24 m white coarse gritty SC—coarse component contains some feldspar fragments. 
25 to 32 m quartz and feldspar fragments in a gritty texture 
Dowerin Hole No. 06DW 03 
Well log  
1 to 2 m dark brown ferruginous gravelly fine sand/loam 
3 to 4 m speckled brown mottled SC 
5 to 7 m brown SC and clayey S with large hard composite calcrete/silcrete fragments  
8 to 10 m grey clayey sand with quartz fragments 1 to 2 mm across 
11 to 16 m pale grey clayey sand 
17 m feldspar, quartz and mica in a body of clay 
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Dowerin Hole No. 06DW 04 
Well Log  
1 to 2 m red-brown gravelly loam 
3 to 4 m ferruginous hard pan, gravel and quartz fragments 1 to 2 mm across in a SC 
5 to 6 m weathered granite fragments (qu, fledspar, plus calcrete/silcrete. Slivers of silcrete/feldspar  
7 m fine feldspar and quartz fragments in a matrix of browny clay 
Dowerin Hole No. 06DW 05 
Notes Hole abandoned (shallow depth to granite) 
  
0 to 3 m gravelly loam sitting on granite 
  Hole No. 06DW 06 
Notes: At 6 m silcrete/calcrete fragments are indistinguishable from feldspar fragments 
1 to 3 m brown to red-brown gravelly loam 
4 m grey-white SC possibly but in the form of slivers (silcrete/calcrete 
5 m grey-white SC possibly but in the form of slivers (silcrete/calcrete 
6 m grey-white SC possibly but in the form of slivers (silcrete/calcrete 
Dowerin Hole No. 06DW 07 
Notes no pallid zone for this hole 
Well Log  
1 to 3 m red-brown gravelly sandy clay (SC) 
4 m red-brown SC 
5 m purple-brown silky clay 
6 m red-brown SC (calcrete flakes) 
7 m  red-brown SC (calcrete flakes) 
8 m grey-white sandy (qu) clay imbedded in calcrete/silcrete  
9 m feldspar plus calcrete plus quartz fragments 
Dowerin Hole No. 06DW 08 
Notes Across the road from No. 2. Essentially the same. 
Dowerin Hole No. 06DW 09 
Notes Made better than 1 L/sec of water—potential production bore 
 Hole No. 9 was redrilled (rotary mud) then cased. Water level 3.1 m BGL. Depth of the 
casing 30.2 m. Height of casing 0.55 m. Conductivity 10.9 milliSiemens/cm. After being 
cased the flow yield declined. This indicates the collapsed zone is the main water carrier. 
Well Log  
1 m dark brown gravelly clayey sand 
2 to 3 m orange-brown gravelly loam 
4 to 6 m red-brown clayey sand with fragments of calcrete/silcrete 
7 to 8 m pale brown fine sand 
9 m light grey fine sand 
10 m fine sand (qu) plus white silcrete. Fragments 1 to 5 mm 
11 m fine sand (qu) plus white silcrete. Fragments 1 to 5 mm 
12 m fine sand (qu). Fragments 1 to 5 mm 
13 to 17 m white clay plus quartz particles up to 8 mm diameter 
18 m quartz plus feldspar fragments imbedded in white clay 
21 to 32 m feldspar plus quartz fragments in a matrix of white clay that washes out easily 
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Dowerin Drillhole No. 06DW 10 
Well Log  
1 to 3 m brown gravelly SC 
4 to 6 m brown SC with grey siliceous calcrete 
6 to 7 m brown SC 
8 m light brown sand 
9 m light brown sand 
10 m light brown clayey sand 
11 m grey SC 
12 m pink SC (minor sand) 
13 m pink SC (minor sand) 
14 m white SC 
15 to 23 m pink SC 
24 to 25 m  very light brown SC 
26 to 29 m khaki brown SC 
30 m gritty light brown quartz plus clay 
31 m grey brown SC (qu only) 
32 to 36 m brown grit composed of qu + feldspar plus clay 
37 to 38 m brown grit composed of qu + feldspar + visible mica plus clay 
Dowerin  Drillhole 06DW 11 immediately adjacent Hole 10 (collapsed) 
  
  
Dowerin Hole No. 06DW 12 
Notes Made 1.25 L/s but septic tank found within 20 m 
 Boundary between upper alluvium and weathered granite at 9 m?? 
Well Log  
1 to 2 m gravelly pale brown SC 
3 to 4 m light brown SC with grey hard slivers calcrete 
5 to 6 m clayey red-brown sand with grey slivers calcrete 
6 to 9 m clayey sand with layers of almost pure sand 
10 m red-brown gritty quartz grey saprolite 
11 to 16 m light grey SC 
17 to 21 m pale brown SC 
22 to 24 m pale brown SC with feldspar fragments in coarse fraction 
25 to 26 m grey grits composed of feldspar and quartz fragments plus clay 
27 to 33 m grey grits composed of pink-brown feldspar plus white feldspar plus quartz 
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Dowerin Hole 06DW 13 Deep 
Notes Just below the red clay at 12 m there was sandy layer which made water and was 
unstable—bled into the hole giving a false sandy component to all samples obtained from 
below. There is one sample tray which contains the coarse fraction from the bottom 12 m of 
the hole.  
Well Log  
1 m dark brown/black organic clay 
2 m dark brown clay 
3 m fine gravel (2 to 3 mm diameter) in a red-brown clay 
4 m brown clay with green mottling 
5 m gritty brown clay 
6 m brown SC with red and white hardpan fragments 
7 m red-brown moist SC with slivers of hard pan 
8 m red-brown silty clay 
9 m grey silt, minor clay, appearance of being very dry 
10 to 11 m clay containing quartz & calcrete? fragments 
12 m red clay 
13-14 m pink wet clayey sand with hardpan fragments—makes 0.25 L/s 
14 to 16 m clay with fragments of quartz sand possibly from above down the drillhole 
17 to 18 m coarse dark brown/black sand 
19 to 20 m grey-brown coarse sands  
21 m massive grey clay with sand 
22 to 24 m lumps of sticky clay accompanied by sand probably from above 
25 to 26 m white quartz sand (from above?) & brown quartz sand (from above?) with minor white clay 
27 to 29 m white quartz sand (from above?) with minor white clay 
30 to 31 m yellow sand containing large quartz fragments 
32 to 33 m green-yellow coarse sand  
34 m olive-green yellow medium sand 
35 m olive-green yellow medium sand with olive green large grit fragments 
36 m olive green grits—metamorphics? 
43 m end of hole grits all the way down with this green metamorphic-type fragments 
Dowerin Hole No. 06DW 14 
Well Log  
Notes: Bottom of alluvium at 19 m????  
1 m light brown silty clay loam 
2 m medium brown silty clay 
3 m medium brown silty clay 
4 m traces of ferricrete in layers of grey clay 
5 m grey clay with red sands/ferricrete? 
6 to 7 m grey SC with traces of ferricrete—very wet—making water 
8 to 10 m red-brown clay 
11 m light brown clay with ferricrete fragments (11.5 to 11.7 = hardpan) 
12 to 15 m hard brown SC 
16 m pale brown sand with hard brown fragments 
17 m coarse khaki sand 
18 m coarse khaki sand with hardpan fragments? 
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19 m khaki clay sand 
20 m pale grey clay 
21 to 23 mm pale grey sandy (quartz) clay 
24 to 25 m pale brown sandy (quartz + minor feldspar) clay—start of the grits  
26 to 31 m  quartz and feldspar fragments in a matrix of pale brown clay 
31 m end of hole 
Dowerin  Hole No. 06DW 15 
Notes  location adjacent to the secondary water supply dam 
 Between 30 m and 39 m the coarse fraction includes a brown unknown mineral 
 Hole 15 seems to be composed of multiple layers. First layer 0 to 5 m superficial clays.  
 Second layer, 6 to 11 m is a ferruginous zone. Third layer 10 to 14 m—a transitional zone.  
 Fourth layer, 15 to 20 m pale reddy sandy clays deepening in color to pink clays between 
24 and 25 m slowly changing to a light brown colour and then pale saprolite sandy clay 
between 30 to 36 m with the grits starting at about 36 m. 
 The color sequences suggest that a 20 m thick top layer has been superimposed on an 
original weathered granite profile with a characteristic weathering sequence. The top layer 
has since developed into a similar weathering sequence. The bottom of the infilling alluvium 
at 20 m, secondary iron introduced from above in which case texturally, alluvium is at 10 m. 
Well Log  
1 to 2 m light brown-black clay with ferruginous rounded pebbles 
3 m red-brown clay with brown gravel fragments 
4 m blue clays 
5 m blue-green clay 
6 to 7 m red brown clayey fine sand with red-brown fragments flakes of hardpan 
8 m red brown clayey sands with white flaky fragments. Some are red. Hardpan? 
9 m red fine clayey sand (from above?) plus grey friable very fine sand 
10 m very moist brown SC  
11 m pale brown-green SC layers 
12 to 14 m  pale brown slurry of SC, hints of clay lumps 
15 to 17 m pale brown grey lumps of massive clay  
18 to 20 m khaki fine SC 
21 to 23 m red-brown clay with some very fine sand 
24 to 28 m red-brown clay with some medium sand 
29 to 30 m pale brown massive clay containing large quartz fragments  
31 m pale brown/white clay slurry with quartz fragments + brown mineral (zircon?) 
32 to 33 m pale brown/white clay with large quartz fragments (slurry) 
34 to 35 m clay pale brown with quartz + brown mineral fragments 
36 m clay pale brown with quartz and feldspar + brown mineral fragments 
37 to 41 m unweathered feldspar plus quartz fragments in a pale brown clay matrix. 
 

  
AP P E NDIX F :  Infras tructure damage due to s alinity 
Steve Marvanek, Olga Barron, Tony Barr and Geoff Hodgson 
CSIRO 
October 2006 
 

Appendix F. Infrastructure damage 
i 
Contents 
Page 
1. Salinity risk  ..................................................................................................................... 1 
2. Infrastructure damage cost  ........................................................................................... 1 
3. Dowerin ........................................................................................................................... 2 
Figures 
Figure F1 Dowerin salinity risk map.  ........................................................................................... 2 
Tables 
Table F1 USEAP damage cost  ................................................................................................... 1 
Table F2 Dowerin damage cost  .................................................................................................. 2 
 

Appendix F. Infrastructure damage 
F1 
E valuation of cos t as s ociated with the towns ite 
infras tructure damage caus ed by s alinity 
1. S alinity ris k 
Evaluation of the salinity risk towards the infrastructure damage was based on the long 
average groundwater level for the shallow observation bores. The level of risk was estimated 
in accordance with soil saturation level at the 1 m depth below the ground level. The extent 
of the salinity risk map is confined by the extent of the observation bores in each town; hence 
the salinity risk maps only cover a portion of each town. 
2. Infras tructure damage cos t 
Infrastructure damage costs are calculated based on the simultaneous analysis of the salinity 
risk and infrastructure type within each land parcel landuse, where surface types, area and 
structures have been identified. The average salinity risk of each land parcel is calculated, 
and using an algorithm adapted from the USEAP model, damage can be calculated 
(Table F1). 
USEAP divides the town infrastructure into 5 key groups: residential housing, 
commercial/offices, public open space, ovals/playing fields and roads. Roads are classified 
as either sealed or gravel. Each category has an assigned annual damage cost, derived from 
the USEAP value assuming a 100 per cent impact. This damage is then moderated based 
upon estimated degree of soil saturation; so that damage falls as soil saturation falls.  
Table F1 USEAP damage cost 
Name Quantity Cost $ 
Residential Building per/household 463 
Commercial Building per/1000 sqm 663 
Oval per/hectare 1 900 
Open Space per/hectare 685 
Sealed Road per/1000 m 400 
Unsealed Road per/1000 m 200 
It is important to note that the damage costs are only an indication, and that the only a part of 
the gazetted townsite was considered. The water level is assumed to be at equilibrium 
currently. If the intention is to identify the impact of changes in management, then an 
assessment of only those areas which may feasibly be impacted by that management need 
to be considered. It is important to note that these are the estimates of current damage within 
the area, and as such are the MAXIMUM cost reduction that could be achieved if 
management options were introduced that completely ameliorated the problem. It is almost 
certainly the case that such total amelioration options will not be economic to achieve, and 
such options are not considered in the Water Management Plans. However, these values 
give an indication of the overall size of the infrastructure damage problem within these towns. 
The details of the proposed methodology are given in the report 'A Systems Approach to 
Rural Town Water Management' (report for Water for Healthy Country 2006). 
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3. Dowerin 
The salinity risk for Dowerin is highest in the north western corner of the townsite where the 
risk is classified as extremely high (Figure F1). The risk decreases in a south eastern 
direction as the groundwater level deepens. There is no salinity risk in the eastern and 
southern parts of the town.  
The estimated damage cost for the different land use zones as described in the town 
planning scheme is given in Table F2 as an annual damage cost ($7.7K) and projected NPV 
of costs over next 20 years within a do-nothing scenario ($81.8K).  
Table F2 Dowerin damage cost 
Name Cost Year 1 $ Projected NPV (@ 7%) over 20 years $ 
Commercial 1 293 13 699 
Light Industry 345 3 653 
Parks and Recreation 63 669 
Public purposes 169 1 788 
Railways 3 30 
Residential 4 935 52 282 
Rural 9 97 
Rural townsite 130 1 374 
Roads 770 8 157 
Total 7 717 81 750 
 
Figure F1 Dowerin salinity risk map. 
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Appendix G: Water quality 
i 
S ummary 
The township of Dowerin suffers from groundwater salinity and damage to infrastructure from 
high watertables and waterlogging. Spatial and temporal monitoring and interpretation of 
deep, intermediate and shallow water quality parameters in a network of observation bores 
has been undertaken within each townsite. At Dowerin, temporal monitoring of groundwater 
quality was undertaken approximately quarterly from 2001 to 2004 allowing trends in key 
water quality parameters to be determined and an assessment of whether the salinity trends 
in groundwater are degrading, improving, or remaining constant. Based on the analysis it can 
be concluded that groundwater salinity trends are steady, particularly in the deep 
groundwater system. Spatial characterisation of major and trace ion compositions, organics 
and microbiological status was carried out to assess the potable or substitute potable 
suitability of groundwater. Trace element organics and microbiological status of groundwater 
was found to be acceptable for groundwater recovery for non-potable use with only minor 
occurrences of organics and microbiological contamination detected. The level of 
groundwater salinity in Dowerin is the second lowest of all fifteen rural towns in the RT-LA 
project, ranging in EC from 50 to 2100 mS/m equivalent to a total dissolved solids (TDS) 
range from a minimum of 400 mg/L to a maximum of 15 000 mg/L. Time trends and spatial 
patterns indicates that the Dowerin townsite is situated under the influence of a classic 
hillslope recharge-discharge zone system, and that direct rainfall and run-off into the townsite 
infiltrates causes: i) the spatially variable salinity distribution observed across the townsite; 
and ii) recharge-infiltration within the townsite to result in the observed lower salinity in 
shallower groundwater.  
This points to surface water diversion and management as being a prospective tool in 
managing groundwater levels, infiltration and thus waterlogging by shallow groundwater in 
the townsite.  
Surface drainage and water harvesting is indicated as one preferred option for managing 
shallow watertables in Dowerin as presented in the Surface Water Report (Appendix C) of 
the Dowerin Water Management Plan. The location and geometry of deep drains would 
determine the quality of groundwater likely to discharge into them. The spatial and temporal 
groundwater quality data presented in this report can be used to assess the likely drainage 
water quality, depending on location. However, assessment of the merits of deep drains 
concludes that they are unlikely to be effective management tools due to the impracticality of 
installing deep drains at the spacing and depths required and the issue of drainage water 
disposal (Groundwater Report (Appendix E)). Groundwater pumping and disposal of the low 
salinity groundwater is not recommended at this time (Appendix E). However were 
groundwater pumping for watertable management to be adopted in the future the expected 
EC of discharge groundwater would be about 1000 mS/m (~6 000 mg/L TDS). RO treatment 
of recovered groundwater is considered a viable option. The RO reject could be disposed of 
via discharge to Dowerin Lake. With appropriate blending with fresher impounded surface 
water from dams, groundwater could be blended to arrive at a water quality suitable for 
townsite irrigation, for example with salt tolerant turf. Salt harvesting from groundwater is not 
considered viable. 
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Introduction 
Ground and surface water quality, such as parameters including gross salinity level 
(electrical conductivity), major ion composition, trace element composition, organic 
compound composition and total organic carbon, and pathogen (bacterial) status are key 
determinants for assessment and decision making in several aspects of water resources 
management of the RT-WM project. Determination of water quality parameters is necessary 
as a basis for feasibility assessment of options for townsite water management. These 
include water treatment options (e.g. reverse osmosis desalination, nanofiltration, 
evaporative desalination), the suitability of treated water as either potable water supply or as 
potable substitute water, assessment of bulk mineral harvesting potential from saline water, 
water disposal options, long term implications of de-watering or drainage to control 
waterlogging and townsite salinisation, water quality assessment for new industries and 
downstream water users such as livestock, intensive horticulture, aquaculture and townsite 
irrigation. In addition to these water management issues, groundwater quality and its spatial 
and temporal distribution and variation provides key information on groundwater surface 
water interaction and interconnection within groundwater systems when integrated with 
hydrogeology, groundwater modelling, geophysics and surface hydrology. For example, 
when integrated with groundwater modelling of townsite dewatering scenarios, knowledge of 
the spatial distribution of groundwater salinity has enabled long term predictions of the 
volume and salinity of recovered groundwater. Such information is critical to the development 
of long term water treatment and water re-use scenarios and the identification of downstream 
uses of the recovered groundwater.  
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1. Approach and methodology 
For rural town groundwater, the methodologies developed and employed have included: 
  i) Spatial and temporal monitoring and interpretation of deep, intermediate and shallow 
water quality parameters in a network of observation bores within each townsite. At 
Dowerin, temporal monitoring was undertaken approximately quarterly from 2001 to 
2004 allowing temporal trends in key water quality parameters to be determined and 
assessment of whether the salinity trends in groundwater are degrading, improving, or 
remaining constant. Indicators of the extent of groundwater mixing, surface water- 
groundwater interaction and recharge to groundwater within townsites were developed 
from analysis of the spatial and temporal data.  
 ii) Integration of the spatial distribution of groundwater quality with subsurface basement 
topography determined by seismic geophysics. Such integration enables more robust 
and reliable long-term predictions of groundwater recovery volumes and salinity. 
Development of the necessary data integration and software processing capacity to 
merge subsurface geophysical interpretation with spatial groundwater quality has been 
an important methodological development.  
iii) Spatial characterisation of major and trace ion compositions, organics and 
microbiological status was carried out to assess the potable or substitute potable 
suitability of groundwater, predict the long term characteristics of recovered or drained 
groundwater and define the parameters of its desalination by RO and related 
technologies, and estimate the recovery potential of bulk mineral salts from recovered 
groundwater. 
iv) Establishment of salt and water mass balances of groundwater will provide base data 
for a) economic analysis of groundwater pumping and water treatment as a potential 
source of new, useable water resources as a by-product of shallow watertable 
waterlogging alleviation and b) facilitate comparison between recovered groundwater 
volumes, water quality, recovery and treatment cost in comparison to available or 
harvestable surface water volumes and quality. 
For surface water, very little or no prior information was available and due to low or zero flow 
conditions in 2004–6, new data could not be collected. Reconnaissance electrical 
conductivity (salinity) in townsite runoff at two locations is being measured at the east of the 
townsite.  
Expected outcomes from these methodologies were the interpretation of groundwater-
surface water interaction, especially evidence for whether groundwater recharge occurs 
within the townsites and, on this basis, determining whether management of townsite surface 
water will be effective in alleviating waterlogging and salinisation due to shallow watertables. 
Conversely, it is important to determine whether townsite groundwater management 
(pumping, drainage) will be effective in long term alleviation of waterlogging, or whether 
seasonal surface water recharge will rapidly overturn any benefits achieved by groundwater 
management. Overall, the methodologies provide information that forms the basis for 
hydrologically and socio-economically sound decision making in relation to the alleviation of 
salinisation and waterlogging in rural towns. 
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2. Data collected and res ults  
Groundwater quality data from Dowerin was collected for multiple purposes including;  
  i) Spatial and temporal monitoring and hydrological interpretation of deep, intermediate 
and shallow water quality parameters in a network of observation bores. Interpretation 
of this data in the context of hydrological processes (e.g. recharge, groundwater 
sources) in the context of developing townsite Water Management Plans is at the 
forefront of the purpose for this data.  
 ii) Determination of the potable or potable substitute potential of treated groundwater by 
characterisation of major and trace ion compositions, organics and microbiological 
status. 
iii) Determination of desalination potential, in particular variants of RO technologies, for 
water treatment, downstream water uses and bulk mineral recovery. 
In the context of the overall Water Management Plan for Dowerin, where it was concluded 
that groundwater recovery was not a viable water management option, the emphasis in this 
report and the importance of the application of water quality interpretations will be on point (i) 
above. Nevertheless, reporting of the details of the extensive groundwater quality data sets 
collated, collected and analysed is provided in this report. 
2.1 S patial dis tribution and temporal trends  in s alinity and pH 
Figures G1 and G2 show the spatial distribution of EC in deep groundwater overlain on DEM, 
topographic contour and cadastral information for Dowerin. The average groundwater salinity 
in Dowerin (about 4 600 mg/L) is the second lowest of all fifteen rural towns in the RT-LA 
project, ranging in EC from 50 to 2100 mS/m equivalent to a total dissolved solids (TDS) 
range from a minimum of 400 mg/L to a maximum of 15 000 mg/L. The spatial trend of lower 
to higher salinity distribution across the townsite does follow the topographic slope and 
shallow groundwater TDS is lower than deep groundwater EC, noting that two shallow 
observation wells (DW04S and HGHR) have the highest salinity (see also Figures G8) which 
distorts the scale range to high values in Figure G1. Thus there is evidence for the frequently 
observed occurrence of higher salinity in topographically low parts of the landscape and this 
is highlighted in the salinity risk mapping for Dowerin (Appendix F). Rather, this indicates that 
the Dowerin townsite is situated under the influence of a classic hillslope recharge-discharge 
zone system, and that direct rainfall and run-off into the townsite infiltrates causing: i) the 
spatially variable salinity distribution observed across the townsite (e.g. note the low salinity 
region clustered around shallow observation bores DW07, DW11, LCC3, LCC4 and LCC1 in 
Figure G1); and ii) recharge-infiltration within the townsite causes the observed lower salinity 
in shallower groundwater.  
Figures G3 and G4 show the spatial distribution of pH in shallow and deep groundwaters 
respectively, overlain on DEM, topographic contour and cadastral information for Dowerin 
demonstrating the circum-neutral to slightly acidic pH nature of Dowerin groundwater and a 
trend toward higher pH in both shallow and deep groundwaters toward the west and 
southwest of the townsite, although note that the trends are quite weak. Figures G5 and G6 
show the corresponding temporal trends in groundwater salinity for shallow and deep 
groundwater respectively, during the period 2000 to 2004 indicating the broad range and 
variability of shallow groundwater EC values and the comparatively tight cluster of deep 
groundwaters with an EC near 1000 mS/m. Shallow groundwater salinities are temporally 
quite variable and span a wider range than the range of EC of deep groundwater. Only one 
observation well (HGHR) shows a consistently rising EC trend, however the explanation for 
this is not clear. By contrast the deep groundwaters follow a steady trend over time.  
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Figures G7 and G8 show the corresponding temporal trends in shallow and deep 
groundwater pH during 2000 to 2003 suggesting a slight downward trend in pH from circum-
neutral to slightly acidic conditions. Figures G9 and G10 show Schoeller and Piper plots 
respectively of the major ion composition of groundwater sampled in late 2004 (Table G1). 
The Schoeller plot shows the clear tendency that shallow groundwater is less saline than 
deep groundwater, despite one or two higher salinity shallow groundwater outliers. 
Shallow groundwaters are generally less saline than deeper groundwater, indicating that 
rainfall/runoff-infiltration process occurs within the townsite with the net effect of diluting 
shallow groundwater. This points to surface water diversion and management as being a 
prospective tool in managing groundwater levels, infiltration and thus waterlogging by 
shallow groundwater in the townsite. Surface drainage is indicated as a preferred option for 
managing shallow watertables in Dowerin (Appendix C). The location and geometry of 
shallow drains would determine the quality of groundwater likely to discharge into them. The 
spatial and temporal groundwater quality data presented in this report can be used to assess 
the likely drainage water quality, depending on location. On the basis of the relatively low 
salinity groundwater quality in Dowerin, management of shallow watertables via surface 
drainage can be considered as a viable option. With appropriate blending with fresher 
impounded surface water from dams, groundwater could be blended to arrive at a water 
quality suitable for townsite irrigation, for example with salt tolerant turf.  
2.2 Trac e elements   
Trace element concentrations in groundwater for Dowerin are shown in Table G1 and for 
reference the final column in Table G1 shows the Australian Drinking Water Guideline 
(ADWG) for the corresponding element. The ADWG is presented as a reference only and 
does not imply an intention that the groundwater could be used as potable supply as its 
gross major ion salinity alone is well above the ADWG. Dowerin groundwater has generally 
lower trace element concentrations than other rural towns due to the generally lower salinity 
levels and also because pH levels in Dowerin groundwater is generally circum-neutral thus 
limiting metal mobility. Iron and manganese levels are low and would not present any 
difficulties were desalination to be considered, for example by reverse osmosis. Silica levels 
are somewhat elevated and could be an issue for water treatment by reverse osmosis. Thus 
in general, Dowerin does not present any unusually high trace element concentrations that 
would be cause for concern for water use. 
2.3 Organic s  and pathogens  
Table G2 shows a set of organic compounds measured to determine whether Dowerin 
groundwater demonstrated any significant organic contamination from urban sources. The 
reconnaissance sampling identifies one location (DW05D) showing clear evidence of low 
level contamination by organic compounds. The levels of contamination in DW05D are not 
high and are indicative of petroleum and diesel (BTEX and naphthalene compounds) as is 
the phenol residues. The organic contaminants were not detected in any other observation 
well, including the associated shallow piezometer DW05S.  
Table G3 shows low level of bacterial counts and are indicated in only one of 18 groundwater 
samples taken (DW11S) showing low level microbiological occurrence and is considered a 
result of septic tank system operation at Dowerin. The occurrence of e-coli was not found. 
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2.4 G roundwater us e options :  s alt produc tion potential of s aline 
groundwater and revers e os mos is   
Salt harvesting from groundwater at Dowerin was investigated as a possible use for Dowerin 
groundwater. However, because Dowerin has relatively low salinity groundwater, it was 
concluded from related work described in RT-LA Water Management Plans in this series and 
work conducted in parallel on analysis of salt recovery, that groundwater recovery and salt 
production was not a viable water management option for Dowerin. Groundwater recovery by 
pumping bores is proposed at Dowerin for management of groundwater elevations 
(Appendix E). RO treatment of the recovered groundwater to attain a fit-for–purpose salinity 
is considered a viable option, particularly following the successful operation of RO treatment 
in of a more saline groundwater at Merredin (Turner et al. 2008). Because of the low 
groundwater salinity (~6,000 mg/L TDS) expected in recovered groundwater a relatively 
limited RO process would bring the permeate salinity to a useable salinity range. Trace 
elements such as Fe and Mn that are potentially problematic to RO processing are low in 
Dowering groundwater (Table G1), due to the generally circum-neutral pH, and may not 
require pre-treatment prior to RO. Silica concentrations are intermediate to high (40–80 
mg/L, Table G1) and would require consideration prior to RO treatment in terms of the reject 
stream concentration and membrane fouling potential. However, RO treatment of saline 
groundwaters with silica concentrations in the range 45–60 mg/L was achieved successfully 
at Merredin (Turner et al. 2008) Due to the relatively low salinity of Dowerin groundwater, 
there is a possibility that groundwater could be pumped and blended with low salinity surface 
water to supplement irrigation water for townsite watering. Results from the salt-tolerant turf 
trials at Wagin can be reviewed to determine whether this is a viable option for Dowerin. 
3. R eference 
Jeffrey Turner, Peter de Broekert, Frank Ludovico, Gary Todd, Bob Piercy, Mark Pridham, 
Bob Paul, Mark Sutton, David Coates, Rob Hardie, Lou Hiemstra, Paul Dean, Anthony 
Barr, Mike Higgs and Joanne Stewart 2008, Saline groundwater recovery, RO 
desalination and water use in a rural town—Merredin, WA. Proceedings of the 2nd 
International Salinity Forum, Adelaide, April 2008. 5pp.  
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Table G1 Major and minor elements measured in Dowerin groundwater* 
Bore Description DW09D DW08D DW10D DW11S DW11D DW07S DW07D DW03S DW03D DW01S DW01D DW04S DW04D DW05S DW05D DW06D DW02S DW02D
ADWG 
Guideline
CCWA ID 05E1456/00105E1456/00205E1456/00305E1456/00405E1456/00505E1456/00605E1456/00705E1456/00805E1456/00905E1456/01005E1456/01105E1456/01205E1456/01305E1456/01405E1456/01505E1456/01605E1456/01705E1456/018
Client ID Method Units/Conc. 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85
Dissolved Oxygen WTW % 7.10 44.00 2.50 26.90 21.50 37.90 19.60 9.60 12.70 56.40 44.10 40.70 88.20 74.10 58.20 75.80 39.40
Elect. Cond. WTW mS/cm 3.13 16.19 10.81 0.59 11.90 1.21 14.38 1.81 13.78 1.06 11.16 26.90 12.17 1.07 2.13 1.69 0.54 1.50
pH WTW 6.94 6.59 7.06 7.02 6.04 8.52 6.38 7.57 4.69 5.86 5.79 6.93 6.20 6.80 6.06 5.95 6.80 7.06
Temperature WTW Co 22.40 23.20 22.60 24.50 22.40 25.80 22.60 24.50 22.00 23.00 22.20 25.00 23.20 23.00 22.20 22.20 23.90 22.30
Ag iMET1WCICP mg/L < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Al iMET1WCICP mg/L 0.058 0.024 0.016 0.22 0.036 0.057 0.035 0.048 0.56 0.096 0.041 0.055 0.019 0.022 0.02 0.017 0.13 0.073 < 0.2
Alkalin iALK1WATI mg/L 320 145 235 60 70 55 110 105 10 20 35 720 60 110 65 60 185 160
As iAS1WCVG mg/L < 0.001 < 0.001 < 0.001 0.014 < 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.007
Ba iMET1WCICP mg/L 0.058 0.024 0.089 0.034 0.025 0.1 0.049 0.087 0.03 0.052 0.079 0.16 0.08 0.18 0.04 0.047 0.36 0.077 < 0.7
Be iMET1WCICP mg/L < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.016 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 N/A
CO3 iALK1WATI mg/L < 2 < 2 <2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
Ca iMET1WCICP mg/L 40.2 67.2 84 1.6 27.4 12.7 38 62.8 20.2 13.3 48.8 142 29.8 56.8 26.9 15.8 26.6 40
Cd iMET1WCICP mg/L < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 <0 .002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
Cl iCL1WAAA mg/L 778 4810 3190 104 3650 195 3140 399 3210 194 2880 7450 3180 1610 3350 2440 828 2570
Cr iMET1WCICP mg/L < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 0.012 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.05
Cu iMET1WCICP mg/L < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.006 < 0.005 0.011 < 0.005 < 0.005 0.007 < 0.005 < 0.005 0.009 0.026 < 0.005 < 0.005 < 2.0
ECond iEC1WZSE mS/m 296 1650 1100 51.8 1050 126 907 155 916 78.8 817 2100 914 493 987 779 282 796
F iF1WASE mg/L 0.7 0.6 0.4 2.6 0.7 1.3 0.5 0.3 1.1 0.2 0.1 0.5 0.4 0.4 0.3 0.3 0.2 0.5 < 1.5
Fe iMET1WCICP mg/L < 0.005 < 0.005 < 0.005 0.13 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.009 < 0.005 < 0.005 < 0.005 < 0.005 0.014 < 0.005 < 0.3
HCO3 iALK1WATI mg/L 390 177 287 73 85 67 134 128 12 24 43 878 73 134 79 73 226 195
Hg iHG1WCVG mg/L < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.001
K iMET1WCICP mg/L 19.1 69 46.6 4.6 54.2 7.9 46.2 11.2 53.8 5.5 41.9 105 49.5 20.5 53.4 43.3 20.3 45
Mg iMET1WCICP mg/L 23.2 284 122 2.7 151 12.8 122 28.5 141 14.2 161 444 190 115 190 135 46.2 123
Mn iMET1WCICP mg/L 0.002 0.001 0.041 0.001 0.005 < 0.001 0.06 0.004 0.91 0.018 0.3 1.7 0.018 0.004 < 0.001 0.004 0.26 0.003 < 0.5
N_NO2 iNTRN1WFIA mg/L < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 0.1 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02
N_NO3 iNTAN1WFIA mg/L 2.9 1.9 0.18 3.7 0.15 42 0.14 7.6 0.44 6.2 0.9 2.6 1.2 0.42 0.44 0.3 4 0.42 < 50.0
Na iMET1WCICP mg/L 594 3000 2010 137 2280 215 2010 205 1990 152 1490 5040 1800 909 1900 1460 529 1580
Ni iMET1WCICP mg/L < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 <0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.02
P_SR iP1WTFIA mg/L 0.04 0.03 0.05 0.02 0.02 0.03 0.02 0.02 < 0.01 < 0.01 < 0.01 0.02 0.02 0.02 0.04 0.01 0.01 0.02
P_total iPP1WTFIA mg/L 0.05 0.03 0.08 0.05 0.04 0.05 0.03 0.02 0.02 0.03 0.02 0.1 0.03 0.08 0.05 0.02 0.09 0.03 N/A
Pb iMET1WCMS mg/L 0.0012 0.0014 0.0003 0.0002 0.0028 < 0.0001 0.0002 < 0.0001 0.0032 0.0001 0.0002 < 0.0005 0.0002 < 0.0001 < 0.0002 < 0.0002 0.0002 < 0.0002 < 0.01
S iMET1WCICP mg/L 31 210 190 17 190 18 180 26 200 17 110 590 140 54 150 130 31 120
SO4 iANIO1WAIC mg/L 96.9 600 443 39.9 511 33.1 445 54 478 48 283 1710 370 131 404 379 57.7 313
Sb iMET1WCICP mg/L < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 <0 .05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.003
Se iMET1WCICP mg/L < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01
SiO2 iSI1WZAA mg/L 73 58 77 52 76 41 76 27 79 43 61 60 71 61 72 74 70 71
Solid_su iSOL1WPGR mg/L < 1 6 15 890 74 660 2 100 17 720 12 6400 150 33000 28 250 7200 15
Sr iMET1WCICP mg/L 0.15 1 0.53 0.017 0.48 0.11 0.42 0.37 0.37 0.12 1 2 0.76 0.8 0.71 0.47 0.42 0.48 N/A
TDS sum ixTDS_sum3 mg/L 1800 8900 6000 340 6700 700 5900 860 5900 470 4900 15000 5700 2900 6000 4500 1600 4800
TDS_180C iSOL1WDGR mg/L 1800 9300 6300 590 6900 830 6300 1000 6100 550 5200 11000 6200 3100 6200 5000 1700 5000
TOC eCTO1WTCO mg/L 2 3 < 1 4 2 3 < 1 3 < 1 5 3 28 3 37 2 1 18 < 1
Zn iMET1WCICP mg/L 0.014 0.009 0.016 < 0.005 0.012 < 0.005 0.18 0.023 0.067 0.037 0.077 0.021 0.041 0.014 0.012 0.097 0.021 < 0.005 N/A
pH iPH1WASE 7.1 6.8 7.2 7.2 6.2 8.2 6.6 7.8 5.3 6.2 6.1 7.1 6.5 7.1 6.5 6.2 7 7.3
aION_BAL ixIONBAL3 % 0 2.5 0 10 0 4.1 0.2 -1 0 7.7 -4 1 -1 2 -2 -1 0.2 0  
* Sampling Date: 30/03/2006. 
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Table G2 Trace organics measured in Dowerin groundwater* 
Bore Description DW09D DW08D DW10D DW11S DW11D DW07S DW07D DW03S DW03D DW01S DW01D DW04S DW04D DW05S DW05D DW06D DW02S DW02D
CCWA ID 05E1456/00105E1456/00205E1456/00305E1456/00405E1456/00505E1456/00605E1456/00705E1456/00805E1456/00905E1456/01005E1456/01105E1456/01205E1456/01305E1456/01405E1456/01505E1456/01605E1456/01705E1456/018
Client ID Units/Conc. 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85
Benzene
   
H2O < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
Toluene
   
H2O < 1 50 < 150 < 150 < 150 < 150 < 150 < 150 < 150 < 150 < 150 < 150 < 150 < 150 < 150 < 150 < 150 < 150 < 3
Ethylbenzene
   
H2O < 3 < 3 < 3 < 3 < 3 < 3 < 3 < 3 < 3 < 3 < 3 < 3 < 3 < 3 3.19 < 3 < 3 < 10
m&p-xylene
   
H2O < 3 < 3 < 3 < 3 < 3 < 3 3.11 < 3 < 3 < 3 < 3 < 3 3.41 < 3 8.06 < 3 < 3 < 1
o-xylene
   
H2O < 3 < 3 < 3 < 3 < 3 < 3 < 3 < 3 < 3 < 3 < 3 < 3 < 3 < 3 3.93 < 3 < 3 < 1
1,2,3-trimethylbenzen
   
H2O < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 3.07 < 1 < 1 < 1
1,2,4-trimethylbenzen
   
H2O < 1 1.06 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 5.74 < 1 < 1 < 1
1,3,5-trimethylbenzen
   
H2O < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 2.48 < 1 < 1 < 1
Naphthalene
   
H2O < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 2.21 < 1 < 1 < 1
2-methylnaphthalene
   
H2O < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 6.02 < 1 < 1 < 1
1-methylnaphthalene
   
H2O < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 3.83 < 1 < 1 < 1
1,2-DMN
   
H2O < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 1.36 < 1 < 1 < 1
1,3/1,7-DMN
   
H2O < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 6.52 < 1 < 1 < 1
1,6-DMN
   
H2O < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 5.89 < 1 < 1 < 1
2,3/1,4/1,5-DMN
   
H2O < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 2.74 < 1 < 1 < 1
2,6/2,7-DMN
   
H2O < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 5.73 < 1 < 1 < 1
Phenol
   
H2O < 6 < 6 < 6 7.05 < 6 < 6 7.6 < 6 < 6 < 6 < 6 < 6 < 6 < 6 21.04 < 6 < 6 < 6
m&p-cresol
   
H2O < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10
o-cresol
   
H2O < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10
 
* Sampling Date: 30/03/2006. 
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Table G3 Pathogens measured in Dowerin groundwater* 
 
* Sampling Date: 30/03/2006. 
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Figure G1 Spatial distribution of groundwater salinity (EC as mS/m) in shallow groundwater in the 
Dowerin townsite.  
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Figure G2 Spatial distribution of salinity (EC as mS/m) in deep groundwater in the Dowerin townsite. 
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Figure G3 Spatial distribution of pH in shallow groundwater in the Dowerin townsite. 
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Figure G4 Spatial distribution of pH in deep groundwater in the Dowerin townsite. 
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Electrical Conductivity of Dowerin Shallow Bores (part 2)
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Figure G5 Temporal variations in shallow groundwater salinity in Dowerin townsite. 
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Electrical Conductivity of Dowerin Deep Bores (part 2)
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Figure G6 Temporal variations in deep groundwater salinity in Dowerin townsite. 
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pH of Dowerin Shallow Bores (part 2)
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Figure G7 Temporal pattern of groundwater pH in shallow groundwater in Dowerin townsite. 
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Figure G8 Temporal pattern of groundwater pH in deep groundwater in Dowerin townsite. 
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Figure G9 major ion distributions (Schoeller Plot) in Dowerin groundwater. 
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Figure G10 Major ion compositions (Piper Diagram) in Dowerin groundwater (data from Table G1). 
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E xecutive s ummary 
The township of Dowerin is subject to the problems of scarce water and urban salinity. The 
purpose of this study is to complete an account of water flows, or in other words, a water 
balance, of the Dowerin township. In this instance, daily volumes of mains consumption 
(i.e. ‘scheme water’), wastewater discharge, groundwater recharge and stormwater runoff 
are considered. Stormwater flowing into the township and groundwater extractions are not 
considered. The results of the water balance will enable more informed decisions to be made 
about how to address water scarcity and urban salinity in Dowerin.  
Water balance modelling allows us to understand where water is being distributed within a 
township over time. For this study, the volume of stormwater runoff, wastewater discharge 
and mains water consumption was calculated each day using an historical climate sequence 
of 1950 to 2005. This does not mean historical flows are accurately measured from 1950 to 
2005 because the land use and water demand information is based on recent data (from 
2003 and 2004), not historical data. The daily flows reported in this study are therefore an 
estimate of possible flows in the township based on a variety of climatic possibilities 
contained within the climatic sequence of 1950 to 2005. The results are not representative of 
historical flows.  
Calculating water flows for each day, using current land use information and an historical 
climate sequence, provides an understanding of variation in water flows and the reliability of 
water supplies (both proposed and existing). It can also provide an evaluation of potential 
water management options such as rainwater tanks, greywater tanks, reclaimed water, 
stormwater harvesting and aquifer storage and recovery. 
A water balance for Dowerin was calculated using water consumption data supplied by the 
Water Corporation of Western Australia and making a series of assumptions. The water 
balance results are shown in Table H1 below. A moderate to high degree of confidence can 
be placed in the water demand figures as they are based on Water Corporation data for 2003 
to 2006. Wastewater figures are derived from the water demand figures using a series of 
assumptions, so they too are reasonably accurate. Conversely, the stormwater figures 
should be considered indicative only and should not be relied upon because they were 
developed using engineering judgement only and have not been calibrated to any real data. 
Rainwater tanks and greywater use are specifically investigated in this study to determine 
their effectiveness in supplying residential areas. Houses in Dowerin were modelled with a 
rainwater tank of either 13 or 20 kL (depending on size of the house) to supply demand for 
toilet flushing and garden irrigation. The study found that rainwater tanks would not be able 
to meet this demand and would only succeed to in reducing total scheme water consumption 
by an average of approximately 7 per cent per year (see Table H2) and stormwater runoff in 
the study area by approximately 9 per cent (see Table H2).  
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Table H1 Estimated water account 
Population 358 
Climate (mm/y) 
Rainfall 355 
Evaporation 2 135 
Scheme Water Supply Average 
(ML/y) 
Total 102 
Indoor 39 
Outdoor 63 
Scheme Water Supply Average 
(kL/cap/y) 
Total 286 
Indoor 109 
Outdoor 176 
Residential Scheme Water 
Supply Average (kL/cap/y) 
Total 180 
Indoor 66 
Outdoor 114 
Wastewater Discharge Average 
(ML/y) 39 
(kL/cap/y) 109 
Stormwater Runoff Average 
(ML/y) 80 
(kL/cap/y) 225 
 
Table H2 Estimated impact of rainwater tanks 
Residential roof runoff generation (ML/yr) 8 
Raintank water use* (ML/yr)  7 
Scheme water supply saving  7% 
Residential roof runoff reduction  88% 
Stormwater runoff reduction for study area  9% 
* This is equal to estimated roof runoff reduction (ML/yr). 
Greywater use would be more effective than rainwater tanks for reducing scheme water 
consumption. If simple diversion of greywater (i.e. kitchen, bathroom and laundry water) to 
garden were undertaken for each property, scheme water consumption could be reduced by 
an average of approximately 12 per cent and wastewater discharge by approximately 31 per 
cent (Table H3). If a greywater treatment and storage system were used for toilet flushing 
and garden irrigation, scheme water consumption could be reduced by an average of 
approximately 15 per cent and wastewater discharge by approximately 39 per cent 
(Table H3). 
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Table H3 Greywater use summary 
Greywater Generation (ML/yr) 19 
Greywater use (ML/yr) 
Irrigation 12 
Irrigation and toilet 15 
Scheme water supply saving  
Irrigation 12% 
Irrigation and toilet 15% 
Reduction in wastewater flows  
Irrigation 31% 
Irrigation and toilet 39% 
* This is equal to estimated reduction in flows to the wastewater treatment plant. 
Water consumption data also suggests there is scope for significant savings to be made by 
improving water use efficiently. Water consumption in Dowerin is well above the state 
average. Residential water consumption is estimated to be 180 kL/capita/year which 
compares to the Western Australian average for 2000–01 of 132 kL/cap/year (ABS 2004) 
and the Perth average for single residential houses of 136 kL/cap/year (Loh and Coghlan 
2003). Behavioural change from education and community awareness programs may have 
an impact on reducing water use. A rough estimation suggests water efficient appliances 
could achieve a reduction in the town’s scheme water consumption of up to approximately 
11 per cent and wastewater discharge of up to approximately 27 per cent. 
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1. Introduction 
This report details results of a water balance for the township of Dowerin. The water balance 
is ‘partial’ because it does not consider groundwater extractions or stormwater flowing into 
the town, but it does consider all other aspects of the urban water cycle.  
Water balance modelling enables us to understand where water is being distributed within a 
township. It considers the volume of water being imported into the township the volume of 
stormwater runoff and the volume of wastewater discharge. All water balance calculations 
have been calculated on a daily time step which means the model can reflect seasonal 
factors such as rainfall and evaporation which influence (among others) irrigation demand 
and stormwater runoff. 
Water balance modelling also allows us to compare water management options. In the case 
of Dowerin, possible water management options include rainwater tanks, end-use demand 
management, groundwater extraction and use, stormwater reuse, on-site wastewater reuse 
and greywater reuse. Water balance modelling will be able to determine how much ‘scheme’ 
water (i.e. imported mains water), wastewater discharge and stormwater runoff would vary 
for different options and the estimated required size of water storages (such as rainwater 
tanks, greywater tanks, stormwater storages, groundwater storages and treated wastewater 
storages).  
This report analyses the existing water balance of Dowerin and compares it to scenarios 
where every house: 
● uses a rainwater tank for garden irrigation and toilet flushing 
● treats, stores and reuses greywater for garden irrigation and toilet flushing; and 
● directly uses greywater for subsurface garden irrigation.  
('Greywater' refers to water being produced from kitchens, laundries and bathrooms.) 
A summary of the scenarios being modelled is shown in Table H4.  
Table H4 Water servicing options to be modelled 
 Residential Other 
Other Garden Toilet All end uses 
Base Case Imported water 
Scenario 1  Rainwater tanks  
Scenario 2 Treated greywater from on site treatment and 
storage unit 
Scenario 3 Direct greywater 
subsurface irrigation 
 
These water servicing options should not be seen as a comprehensive range of options, but 
rather as an initial investigation. Stormwater harvesting and reuse, groundwater extraction 
and use and on-site wastewater reuse are not specifically investigated in this study, but may 
be worthy of further investigation. 
This report forms part of CSIRO’s 'Water for a Healthy Country' contribution to Rural Town–
Liquid Assets project. 
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2. Method and data 
To complete a water balance study requires a range of data. This includes spatial land use 
data, including portion of impervious/pervious areas; daily rainfall and evaporation; water 
consumption; and population data.  
The spatial land use information was sourced from Western Australian Department of 
Planning and Infrastructure. These data were classified into land uses zones such as 
residential, commercial, open space, road and industrial for the purposes of modelling. The 
portion of impervious/pervious areas and roof areas were estimated using aerial photography 
and a number of assumptions. These values are important for modelling roof water runoff 
(and hence rainwater tanks) and stormwater runoff. 
The water consumption data was supplied by Water Corporation. These data were split into 
seasonal and non-seasonal use. Seasonal use is largely made up of outdoor use and was 
estimated using a series of assumptions. Non-seasonal use, which is largely comprised of 
indoor use, was assumed to be the difference between seasonal and total use. Indoor use in 
residential areas was estimated using the work of Loh and Coghlan (2003). 
Daily rainfall and evaporation were derived from SILO data drill 
(www.nrw.qld.gov.au/silo/datadrill/) and population data were sourced from the Australian 
Bureau of Statistics (2004). 
All of these data were fed into the daily water balance software Aquacycle. An analysis 
period of 1950–2005 was chosen. It should be noted that the modelling does not recreate the 
water flows from 1950–2005 but rather provides an estimation of what the water flows would 
have been if the current population, land-uses and water consumption practices were applied 
under the climate of 1950–2005.  
Various options (Table H4) were modelled in Aquacycle to determine what the difference in 
scheme water consumption, wastewater flows and stormwater flows would be under differing 
water servicing arrangements. The financial cost of each servicing option was then roughly 
estimated. 
2.1 Water c ons umption data 
Water consumption data were supplied by the Water Corporation of Western Australia. The 
data were annual figures for the years 2003 and 2004 with splits between land use types of 
‘residential’, ‘commercial’, ‘vacant land’ and ‘other’. The data were for use of ‘scheme water’ 
only (i.e. there was no data on alternative water sources such as rainwater tanks, recycled 
water, bore water etc.). ‘Scheme water’ refers to water that is supplied by the Water 
Corporation. The accuracy of the data is difficult to gauge as the authors of this report are 
disconnected from those who collated the data. 
The consumption data (Table H5) were matched with land-use data (supplied by the Western 
Australian Department of Planning and Infrastructure, see Table H6) and population data 
(ABS 2004) to produce estimated end use for each urban sector as shown in Table H6. 
'Industrial', 'commercial' and 'community' sectors were lumped together because the data 
were not of a high enough resolution to estimate each individual sector. Two residential 
sectors (i.e. 'residential' and 'semi-rural') were considered because they had very different 
properties (especially roof area and property area). Residential and semi-rural houses were 
assumed to have the same occupancy rate (in this case, 1.84 people per unit based on ABS 
2002) as there were no better data available. 
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Table H5 Water Corporation consumption data by sector for 2003 and 2004 
Land use class\ 
consumption year 2003 2004 Overall result 
Residential 60 130 kL 68 791 kL 128 921 kL 
Commercial 24 843 kL 29 671 kL 54 514 kL 
Other 10 179 kL 10 956 kL 21 135 kL 
Vacant Land 6 kL 1 kL 7 kL 
 
Table H6 Mean annual water consumption for each sector (based on Water Corporation data for 2003 and 
2004) 
 Population Lots People per lot Total water use (ML/yr) 
Residential 341 186 1.84 61 
Semi-Rural 17 9 1.84 3 
Vacant Land  0 43  0 0 
Commercial, Industrial and Community  0 71  0 38 
Total 358      102 
Data of total scheme water supplied to Dowerin were available for each month between July 
2000 and January 2005. A summary of the financial year totals from 2000–01 to 2004–05 is 
shown in Figure H1. 
The monthly data provided a means of estimating seasonal variation in water consumption. 
To estimate the percentage of consumption that was seasonal (i.e. outdoor use), it was 
assumed that during the wettest month of the year there is no garden irrigation. The validity 
of this assumption is questionable, but at least it provides a methodology for deriving a split 
between indoor and outdoor use. The month which has the lowest average water 
consumption, as can be seen in Table H7, is July. This assumption means the average 
baseline (i.e. indoor) consumption for Dowerin is estimated to be 4 ML per month. All other 
consumption is assumed to be seasonal (i.e. outdoor). 
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Figure H1 Water supplied to Dowerin township from Mundaring Weir (includes losses such as leakage and 
evaporation). 
Table H7 Reported mean monthly residential consumption 
(average from July 2000 to January 2005) 
Month Consumption (ML) Month 
Consumption 
(ML) 
January 19 July 4 
February 16 August 5 
March 14 September 6 
April 12 October 10 
May 9 November 13 
June 6 December 15 
The distribution of indoor and outdoor use for each sector (Table H8) was calculated by: 
• Assuming residential indoor consumption for Dowerin is similar to Perth as reported by 
Loh and Coghlan 2003 (Table H9) 
• Estimating residential outdoor consumption by deducting indoor use calculated in 
(i) from the total residential consumption 
• Estimating the proportion of baseline consumption (i.e. non-seasonal consumption, 
which is mostly made up of indoor) to be equal to the consumption in July (the lowest 
value in the year). This means that baseline is estimated to comprise 38 per cent of 
total use and seasonal (which is mostly made up of outdoor use) 62 per cent 
• Distributing the remainder of outdoor and indoor water consumption proportional to 
total water consumption to 'Commercial and Industrial' and 'Community' sectors. 
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Table H8 Estimated indoor and outdoor scheme water consumption for each Dowerin  
 Lots Water use (kL/yr) 
Indoor use 
(kL/yr) 
Outdoor use 
(kL/yr) 
Indoor use 
(kL/lot/year) 
Outdoor use 
(kL/lot/year) 
Residential 186 61 485 22 575 38 910 121 209 
Semi-Rural 9 2 975 1 092 1883 121 209 
Vacant Land 43 0  0 0  0 0 
Commercial, Industrial 
and Community 71 37 825 15 483 22 345 218 315 
Total  102 285 39 150 63 138     
 
Table H9 Estimated residential indoor consumption (Loh and Coghlan 2003) 
End use Estimated Perth indoor use 
Estimated Dowerin 
indoor use 
L/capita/day 
Toilet 21% 38 
Laundry 32% 58 
Bathroom 38% 69 
Kitchen 9% 16 
Total 100% 181 
In residential and semi-rural sectors, the proportion of scheme water being used for garden 
irrigation was estimated at 62 per cent, which compares to the Western Australian average of 
50 per cent (ABS 2004) and the Perth detached houses average of 54 per cent (Loh and 
Coghlan 2003). Possible reasons for this difference include the very dry climate in Dowerin, 
the water consumption culture of Dowerin being different to Perth and Western Australia in 
general, larger gardens in Dowerin, or an under-estimation of indoor water use in Dowerin 
(which would lead to an over-estimation of outdoor water use). The estimated breakdown in 
scheme water consumption for Dowerin is shown in Figure H2. 
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Figure H2 Estimated scheme water end use consumption for Dowerin (based on Water Corporation data for 2003 and 2004 and indoor residential estimates for 
Perth from Loh and Coghlan 2003). 
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2.2 L and us e data 
Land use data were sourced from the Western Australian Department of Planning and Infrastructure. Impervious (i.e. paved and roof) areas 
were estimated from aerial photography and it was assumed paved areas comprised 15 per cent of residential and 50 per cent of commercial, 
industrial and community impervious areas. A map of the study area is shown in Figure H3. 
Table H10 Land use data summary 
 Population Dwellings/ units 
People per 
unit 
Average block 
size (m2) 
Average roof 
area (m2) 
Average 
paved area 
(m2) 
Average 
garden/lawn 
area (m2) 
Total size (ha) 
Residential 341 186 1.84 1 391 156 28 1 208 25.9 
Semi-rural 17 9 1.84 29 410 231 41 29 137 26.5 
Vacant land  43  10 098 0 0 10 098 43.4 
Commercial, Industrial and Community  71  8 632 390 390 7 851 61.3 
Open space        68.2 
Road area        39.4 
Total 358       264.6 
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Figure H3 Study area boundary; Dowerin townsite. 
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2.3 C limate data  
Climate data was sourced from SILO Data Drill (www.nrw.qld.gov.au/silo/datadrill/) using the 
coordinates of 31 12'S and 117 03’E. SILO data drill uses interpolation from closest climate 
stations to estimate a variety of parameters (Jeffrey et al. 2001). For this study, evaporation 
and rainfall were the only parameters required. Evaporation type is class A pan. Prior to 1970 
they are 'synthetic' values, and from 1/1/1970, interpolated recorded values. The entire SILO 
Data Drill climate file was for 1889 to mid 2006, however only 56 years from 1950 to 2005 
was used for modelling. This was to ensure the impact of average evaporation values was 
minimised and to reduce the model run-time and volume of model outputs to be analysed. 
The chosen time period also covers a range of dry and wet periods but it should also be 
pointed out that the first half of the twentieth century contains the severest dry period around 
the years 1910–1915 (Figure H4).  
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Figure H4 Annual rainfall totals and moving averages for SILO data drill values of Dowerin. 
Annual figures for rainfall and evaporation used in the modelling are shown in Figure H5. The 
long term average for this region is 355 millimetres per annum and the average annual pan 
evaporation is 2135 millimetres.  
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Figure H5 Rainfall and evaporation figures from SILO data drill for Dowerin. 
Rainfall and evaporation are both very seasonal. The months of May to August have the 
highest average rainfall and lowest average evaporation which contrasts to summer which 
has extremely high evaporation and low rainfall (Figure H6). This is the primary reason for 
irrigation demand varying so much throughout the year. The low summer rainfall will also 
mean the rainwater tanks will not be very effective at meeting irrigation demand.  
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Figure H6 Average monthly rainfall and evaporation (1950-2005) from SILO data drill series. 
2.4 S tormwater runoff 
It is very important to understand that no stormwater runoff data was available to calibrate 
the model. Ideally, measured volumetric runoff coefficients would have been available 
(i.e. the volume of stormwater runoff divided by the volume of rainfall) for each surface type 
in the study area. This would have allowed variables in the model such as 'percentage 
effective area', 'initial loss' and 'soil depth capacity' to be adjusted to calibrate the stormwater 
runoff with recorded results. Using typical values in the urban water balance model 
Aquacycle (Mitchell 2001) resulted in a volumetric runoff coefficient of 9 per cent. Such a 
small value is reflective of the large percentage of pervious area within the study area, 
however we cannot be sure of the true value. The lack of stormwater runoff calibration 
means that the values seen in the results section can only be considered as indicative and 
should not be relied upon for design and treated with caution for decision making.  
2.5 Was tewater dis c harge 
Wastewater flows were estimated by assuming all indoor use is converted into wastewater. 
Interactions of wastewater with groundwater or stormwater were not considered in this study 
because no data were available. 
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3. Modelling approach 
A water balance computer model ‘Aquacycle’ (Mitchell 2001) was used to compute the water 
balance for each of the servicing options considered for the area. 
The following assumptions have been made for the water balance of the townsite: 
The geology has been considered constant throughout the area. This simplifies the data 
input requirements and allows the analysis of simulation results to focus on land use impacts 
alone, discounting impacts due to geological variations.  
Indoor water use is constant throughout the year. There is no day-to-day and household-to-
household variation considered.  
Garden irrigation was based on soil moisture content. Irrigation was performed when the soil 
moisture fell below a certain level. The level was calibrated based on the end use data 
shown in Table H8. 
The calibration parameters used in the water balance modelling are given in Table H11. 
Table H11 Aquacycle parameters 
Parameters Values 
Area of pervious soil store 1 (%) 50 
Capacity of soil store 1 (mm) 50 
Capacity of soil store 2 (mm) 120 
Roof area maximum initial loss (mm) 1 
Effective roof area % 95 
Paved area maximum initial loss (mm) 1.5 
Effective paved area % 10 
Road area maximum initial loss (mm) 1.5 
Effective road area % 20 
Base flow index (ratio) 0.1 
Base flow recession constant (ratio) 0 
Infiltration index (ratio) 0 
Infiltration store recession constant (ratio) 0 
% surface runoff as inflow 0 
Garden trigger to irrigate (ratio) 0.27–0.33 
Rainwater tank first flush (L) 25 
The calibration parameters of ‘area of pervious soil store’, ‘capacity of soil store 1’, ‘capacity 
of soil store 2’ and ‘garden trigger to irrigate’ were adjusted in an attempt to correlate 
modelled outdoor use with assumed outdoor use (Table H8). 
Appendix H. Water balance 
H16 
4. R es ults  
4.1 B as e c as e – s c heme water for all end us es  
Modelled scheme water volumes and wastewater discharges volume were fairly constant 
from year to year for the base case, hovering around 100 ML and 40 ML respectively (Figure 
H7). Imported water varied from a peak 118 ML in 1969 to a trough of 88 ML in 1963. 
Stormwater runoff varies from an annual low of 20 ML in 1980 to a high of 463 ML in 1963. 
Stormwater runoff was highly variable because it is heavily dependant on rainfall which is 
highly variable. 
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Figure H7 Imported water consumption, stormwater runoff and wastewater discharge over time for 
Dowerin base case. 
The average annual scheme water use, wastewater discharge and stormwater runoff were 
estimated to be 102 ML, 39 ML per year and 80 ML per year respectively.  
Table H12 Average yearly scheme water use, wastewater discharge and stormwater runoff for base case 
Neighborhood Imported water use (ML/yr) 
Wastewater 
discharge (ML/yr) 
Stormwater runoff 
(ML/yr) 
Residential 61 23 10 
Semi Rural 3 1 2 
Rural / Vacant Land 0 0 2 
Commercial, Industrial and Community 38 15 12 
Road and Open Space 0 0 55 
Total 102 39 80 
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Table H13 shows the distribution in modelled water consumption between indoor and 
outdoor use for different land use zones for each month. The total annual figure and 
distribution between zones were calibrated to Water Corporation water consumption data. 
The proportion of water used indoor and outdoor were based on monthly water consumption 
data, also supplied by Water Corporation.  
Table H13 Summary of modelled scheme water consumption for Dowerin 
Month 
Indoor use (ML) Outdoor use (ML) 
Total Residential Commercial, 
industrial, 
community 
Subtotal Residential 
Commercial, 
industrial, 
community 
Subtotal 
Toilet Others 
January 0.4 1.6 1.3 3.3 5.1 2.8 7.9 11.3 
February 0.4 1.4 1.2 3.0 4.3 2.4 6.7 9.8 
March 0.4 1.6 1.3 3.3 4.8 2.6 7.4 10.7 
April 0.4 1.5 1.3 3.2 3.9 2.2 6.1 9.3 
May 0.4 1.6 1.3 3.3 2.8 1.5 4.4 7.7 
June 0.4 1.5 1.3 3.2 0.8 0.5 1.3 4.5 
July 0.4 1.6 1.3 3.3 0.7 0.4 1.1 4.4 
August 0.4 1.6 1.3 3.3 1.0 0.5 1.6 4.9 
September 0.4 1.5 1.3 3.2 3.0 1.6 4.7 7.9 
October 0.4 1.6 1.3 3.3 4.3 2.4 6.7 10.0 
November 0.4 1.5 1.3 3.2 4.7 2.6 7.3 10.6 
December 0.4 1.6 1.3 3.3 5.2 2.8 8.0 11.3 
Total 5.0 18.7 15.5 39.2 40.8 22.4 63.2 102.3 
Modelled stormwater runoff from the study area totals 80 ML per year of which 37 ML is from 
impervious areas (Table H14). The model suggested runoff from pervious areas was 
significantly greater during the wettest months of the year, May through to August. Runoff 
from residential rooves comprises approximately 10 per cent of stormwater flow in the study 
area and approximately 80 per cent from residential lots. 
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Table H14 Average monthly stormwater runoff and wastewater generation for Dowerin base case 
Month 
Wastewater 
generation 
(ML) 
Stormwater runoff (ML) 
Total Total impervious 
Residential 
roofs 
Other 
impervious 
(roads, paved 
areas) 
Total 
pervious 
Garden 
(inc. semi 
rural) 
January 3.3 5.1 1.9 0.4 1.5 3.3 0.3 
February 3.0 2.9 1.9 0.4 1.5 1.0 0.1 
March 3.3 3.8 2.0 0.4 1.6 1.8 0.1 
April 3.2 3.0 2.5 0.5 2.0 0.5 0.0 
May 3.3 9.9 5.5 1.2 4.3 4.5 0.2 
June 3.2 18.5 6.5 1.4 5.1 12.0 2.8 
July 3.3 20.0 6.1 1.3 4.8 13.9 3.5 
August 3.3 9.3 4.3 0.9 3.3 5.1 2.1 
September 3.2 2.9 2.6 0.6 2.0 0.4 0.0 
October 3.3 1.7 1.7 0.4 1.3 0.0 0.0 
November 3.2 1.6 1.3 0.3 1.0 0.3 0.0 
December 3.3 1.4 1.1 0.2 0.9 0.3 0.0 
Total 39.2 80.4 37.3 8.1 29.2 43.1 9.1 
4.2 Modelled s c enarios  
4.2.1 S c enario 1:  R ainwater tank effec tivenes s  
Scenario 1 is an investigation into the effectiveness of rainwater tanks in reducing scheme 
water use and stormwater runoff. For this scenario, rainwater tanks are supplying residential 
gardens and toilets and receive their water from residential rooves. It is assumed all 
downpipes are directed towards the rainwater tank. The size of rainwater tanks to be 
modelled was based on the volumetric efficiency curves shown in Figure H8. This graph was 
calculated by applying the daily water balance model of Aquacycle and varying tank size 
whilst keeping roof size and demand constant. In this instance, volumetric efficiency is 
defined as the percentage of demand met over the modelling period. 
Based on Figure H8, rainwater tanks of 12.5 kL and 20 kL were adopted for residential and 
semi-rural properties in Scenario 1. This is seen as a compromise between available space, 
cost and maximising volumetric efficiency (and is essentially represented by the point on the 
graph where the curves begin to flatten). It must be remembered that Figure H8 is based 
upon average roof size, occupancy rates and demand profiles. The curve shown in Figure 
H8 is not representative of all houses in Dowerin. 
below shows that annual scheme water consumption varies over the modelling period from a 
peak 114 ML in 1969 to 81 ML in 1963. This is a reduction in the annual peak of 4 ML from 
the base case. Stormwater runoff varies from 15 ML in 1980 to 455 ML in 1963. This is a 
reduction in peak of 8 ML from the base case. 
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Figure H8 Volumetric reliability and consumption curves for rainwater tanks in Dowerin. 
The modelling indicates that adoption of rainwater tanks for toilet and garden use in every 
residential household would mean approximately 7 ML of rainwater and 95 ML of scheme 
water would be consumed on average each year (Table H15).  
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Figure H9 Imported water consumption, stormwater runoff, rainwater tank use and wastewater discharge 
over time for Dowerin Scenario 1. 
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Table H15 Average yearly scheme water use, rainwater tank use, losses, wastewater discharge and 
stormwater runoff for Dowerin Scenario 1 
Neighborhood Rainwater tank use (ML/yr) 
Imported water 
use (ML/yr) 
Wastewater 
discharge (ML/yr) 
Stormwater runoff 
(ML/yr) 
Residential 6.6 55 23 3 
Semi Rural 0.5 3 1 1 
Rural/Vacant Land 0.0 0 0 2 
Commercial, Industrial 
and Community 0.0 38 15 12 
Road and Open Space 0.0 0 0 55 
Total 7.0 95 39 73 
Adoption of rainwater tanks would reduce stormwater runoff from the study area by an 
average of approximately 7 ML a year (comparison of Table H15 with Table H16) due 
entirely to reductions in roof runoff. Rainwater tanks only have a minor impact on stormwater 
runoff from the study area because a large portion of runoff comes from non-residential 
areas. 
Table H16 Average monthly stormwater runoff and wastewater generation for Dowerin Scenario 1 
Month 
Wastewater 
generation 
(ML/y) 
Stormwater runoff (ML) 
Total Total impervious 
Residential 
roofs 
Other 
impervious 
(roads, paved 
areas) 
Total 
pervious 
Garden 
(inc. semi 
rural) 
January 3.3 4.8 1.5 0.4 1.5 3.3 0.3 
February 3.0 2.5 1.5 0.4 1.5 1.0 0.1 
March 3.3 3.4 1.6 0.4 1.6 1.8 0.1 
April 3.2 2.5 1.9 0.5 2.0 0.5 0.0 
May 3.3 8.8 4.3 1.2 4.3 4.5 0.2 
June 3.2 17.4 5.3 1.4 5.1 12.1 2.8 
July 3.3 19.1 5.2 1.3 4.8 14.0 3.5 
August 3.3 8.6 3.5 0.9 3.3 5.1 2.1 
September 3.2 2.4 2.1 0.6 2.0 0.4 0.0 
October 3.3 1.4 1.3 0.4 1.3 0.0 0.0 
November 3.2 1.3 1.0 0.3 1.0 0.4 0.0 
December 3.3 1.2 0.9 0.2 0.9 0.3 0.0 
Total 39.2 73.3 30.0 8.1 29.2 43.4 9.1 
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4.2.2 G reywater s upplied to garden and toilet 
Scenario 2 is an investigation into the effectiveness of on-site greywater treatment and 
storage in reducing scheme water use and wastewater discharge. The size of the greywater 
tank to be used was based on the volumetric efficiency curves shown in Figure H10. 
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Figure H10 Volumetric reliability and consumption curves for greywater tanks in Dowerin, 
Based on, a greywater tank of 1 kL was adopted for all residential properties. Increasing the 
size of the greywater tank will only improve efficiency marginally, so a small storage of 1 kL 
is adequate.  
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Figure H11 below shows that scheme water consumption varies over the modelling period 
from a peak of 101 ML in 1969 to 74 ML in 1963. This is a reduction in peak of 17 ML from 
the base case. Wastewater discharge varies from 26 ML in 2002 to 22 ML in 1992. This is a 
reduction in peak of 13 ML from the base case. Stormwater discharge does not vary from the 
base case because there has been no change to the stormwater flow regime. This is a 
reduction in peak of 18 ML from the base case. 
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Figure H11 Imported water consumption, stormwater runoff, greywater tank use and wastewater 
discharge over time for Dowerin Scenario 2. 
Adoption of greywater treatment and storage systems for application to toilet and garden in 
all residential houses would mean approximately 15 ML of greywater and 87 ML of scheme 
water would be consumed on average each year. 
Table H17 Average yearly scheme water use, greywater tank use, losses, wastewater discharge and 
stormwater runoff for Dowerin scenario 2 
Neighborhood Greywater tank Use (ML/yr) 
Imported water 
use (ML/yr) 
Wastewater 
discharge (ML/yr) 
Stormwater 
runoff (ML/yr) 
Residential 14.6 47 8 10 
Semi Rural 0.7 2 0 2 
Rural/Vacant Land 0.0 0 0 2 
Commercial, Industrial and 
Community 0.0 38 15 12 
Road and Open Space 0.0 0 0 55 
Total 15.4 87 24 80 
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4.2.3 G reywater divers ion to garden 
Scenario 3 is an investigation into the effectiveness of a simple greywater diversion to 
garden. The model uses subsurface irrigation rather than surface application as this is a 
safer way to deal with greywater than surface application.  
Figure H12 shows that scheme water consumption varies over the modelling period from a 
peak of 103 ML in 1969 to 79 ML in 1963. This is a reduction in peak of 15 ML from the base 
case. Wastewater discharge varies from 24 ML in 1969 to 29 ML in 1963. This is a reduction 
in peak of 10 ML from the base case. 
0
20
40
60
80
100
120
1950 1960 1970 1980 1990 2000
Year
Im
po
rt
ed
 W
at
er
, G
re
yw
at
er
 U
se
 a
nd
 W
as
te
w
at
er
 
D
is
ch
ar
ge
 (M
eg
al
itr
es
 p
er
 y
ea
r)
0
50
100
150
200
250
300
350
400
450
500
St
or
m
w
at
er
 D
is
ch
ar
ge
 (M
eg
al
itr
es
 p
er
 y
ea
r)
Imported Water (ML/yr) Wastewater discharge (ML/yr)
Greywater Use (ML/yr) Stormwater discharge (ML/yr)
 
Figure H12 Imported water consumption, stormwater runoff, greywater use and wastewater discharge 
over time for Dowerin Scenario 3. 
Adoption of greywater diversion in every residential house in Dowerin would mean 
approximately 12 ML of greywater and 90 ML of scheme water would be consumed on 
average each year (Table H18). Adoption of greywater diversion for garden irrigation would 
have very little impact on stormwater runoff as greywater diverters have no impact on the 
stormwater flow regime. Runoff for Scenario 3 is the same as the base case. 
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Table H18 Average yearly scheme water use, greywater tank use, losses, wastewater discharge and 
stormwater runoff for Dowerin Scenario 3 
Neighborhood Greywater use (ML/yr) 
Imported water 
use (ML/yr) 
Wastewater 
discharge (ML/yr) 
Stormwater 
runoff (ML/yr) 
Residential 11.5 50 11 10 
Semi Rural 0.6 2 1 2 
Rural/Vacant Land 0.0 0 0 2 
Commercial, Industrial and 
Community 0.0 38 15 12 
Road and Open Space 0.0 0 0 55 
Total 12.0 90 27 80 
4.3 C omparis ons  
The modelling results, which are summarised in Table H19, show that: greywater reuse has 
a greater impact reducing scheme water consumption and wastewater discharge than 
rainwater tanks however rainwater tanks reduce stormwater flows.  
If greywater was to be applied directly to each garden in Dowerin (without treatment and 
storage), approximately 12 ML could be used each year on average, which is approximately 
a 12 per cent reduction in scheme water consumption and a 31 per cent reduction in 
wastewater flows. 
If the greywater was treated, stored and used for toilet flushing as well as garden irrigation, 
greywater consumption could be increased to 12 ML which equates to a 15 per cent 
reduction in scheme water consumption and a 39 per cent reduction in wastewater flows.  
Rainwater tanks being used for garden irrigation and toilet flushing have the potential to 
reduce scheme water consumption by approximately 7 ML which equates to a 7 per cent 
reduction in scheme water consumption and a 9 per cent reduction in stormwater flows. The 
small reduction in stormwater is due to only a small portion of runoff coming from residential 
rooves.  
Table H19 Average annual percentage difference from base case for Scenario 1, Scenario 2 and 
Scenario 3 
 Imported water use (ML/yr) 
Wastewater 
discharge (ML/yr) 
Stormwater runoff 
(ML/yr) 
Residential 
Scenario 1 11% 0% 68% 
Scenario 2 24% 65% 0% 
Scenario 3 19% 51% 0% 
Semi Rural 
Scenario 1 16% 0% 27% 
Scenario 2 24% 65% 0% 
Scenario 3 19% 51% 0% 
Total 
Scenario 1 7% 0% 9% 
Scenario 2 15% 39% 0% 
Scenario 3 12% 31% 0% 
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Table H20 Comparison of scenarios 
 Base case 
Scenario 1: 
Rainwater 
tanks 
Scenario 2: 
Greywater 
tanks 
Scenario 3: 
Direct 
greywater 
diversion 
Population 358 358 358 358 
Climate (mm/y) 
Rainfall 355 355 355 355 
Evaporation 2135 2135 2135 2135 
Scheme water supply (ML/y) 
Total 102 95 87 90 
Indoor 39 38 36 39 
Outdoor 63 57 51 51 
Scheme water supply 
(kL/cap/y) 
Total 286 266 243 252 
Indoor 109 106 102 109 
Outdoor 176 160 141 143 
Residential scheme water 
supply (kL/cap/y) 
Total 180 160 137 146 
Indoor 66 62 59 66 
Outdoor 114 98 79 80 
Wastewater 
(ML/y) 39 39 24 27 
(kL/cap/y) 109 109 66 76 
Stormwater runoff 
(ML/y) 80 73 80 80 
(kL/cap/y) 225 205 225 225 
Rainwater use (ML/y) 
Total 0 7 0 0 
Indoor 0 1 0 0 
Outdoor 0 6 0 0 
Rainwater use (kL/cap/y) 
Total 0 20 0 0 
Indoor 0 4 0 0 
Outdoor 0 16 0 0 
Greywater use (ML/y) 
Total 0 0 15 12 
Indoor 0 0 3 0 
Outdoor 0 0 13 12 
Greywater use (kL/cap/y) 
Total 0 0 43 34 
Indoor 0 0 8 0 
Outdoor 0 0 35 34 
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5. Dis cus s ion 
Model unc ertainty 
The model uncertainty is difficult to define because the uncertainty of the input parameters is 
difficult to define. The authors of this report have little knowledge surrounding the accuracy of 
the data because they were not involved in their collection, nor have they had any direct 
contact with those who collected them.  
The stormwater component of the model is clearly highly uncertain because no data were 
available for its calibration. The stormwater runoff figures were calculated using typical 
Aquacycle parameters and the model outputs should be seen as indicative only. They should 
not be used for design purposes nor should they be seen as an accurate estimate of 
stormwater runoff. 
A sensitivity analysis was not undertaken due to time constraints. Past experience suggests 
the spatial lumping of individual houses into ‘clusters’ would create model ‘error’. The 
variation of roof size, occupancy rate and demand has not been taken into account for the 
greywater or rainwater modelling. Figures surrounding water consumption will also be highly 
sensitive and the assumptions regarding losses in the system should be updated as more 
information becomes available. 
Despite the uncertainty, there are conclusions that can be drawn from the modelling. 
Greywater reuse obviously has greater potential than rainwater tanks for reducing scheme 
water consumption. It can also be concluded that rainwater tanks will only have limited 
effectiveness in Dowerin due to the highly seasonal climate. Rainwater tanks would be able 
to have a discernible impact on runoff in residential areas; however it is unlikely to be 
significant for the entire study area. 
5.1 R ainwater tanks  
Despite the inherent uncertainty of the modelling results, a number of conclusions can be 
drawn. These include: 
● Rainwater tanks have only a minor impact in reducing scheme water use ranging from 
11 per cent for residential houses to 16 per cent for semi-rural houses. 
● Rainwater tanks significantly reduce runoff from residential lots (ranging from 27 per 
cent for semi-rural to 68 per cent for residential) however they have only a minor 
impact in reducing overall stormwater runoff volumes (approximately 9 per cent). The 
study area is very large and the residential lots only make up a small portion of the 
study area (52 ha of 265 ha). Whilst rainwater tanks are effective in capturing most roof 
runoff, roof runoff only makes up a small portion of total runoff. 
● Very large rainwater tanks are required to achieve reasonable volumetric efficiencies 
(where volumetric efficiency is defined as the percentage of demand met over the 
modelling period) due to the infrequent and highly seasonal rainfall. Rainwater tanks of 
12.5 kL and 20 kL were chosen to achieve volumetric efficiencies ranging from ~15 per 
cent (residential) to ~22 per cent (semi-rural). If there was no limitation on the size of 
rainwater tanks, the maximum volumetric efficiencies that could be achieved range 
from ~17 per cent (residential) to ~26 per cent (semi rural) depending on roof size and 
demand placed on the tank. (The proposed tank sizes in this study are a compromise 
between tank volume and volumetric reliability however no cost-benefit analysis was 
conducted). 
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5.2 R ainwater tanks  for irrigation only 
Rainwater tanks in the Scenario 1 water balances were used for toilet flushing and irrigation 
rather than irrigation only despite the cheaper plumbing costs for supplying irrigation only. 
This is because irrigation is a highly seasonal demand with low demand during the wet winter 
months and very high demand during the dry summer months. If rainwater tanks supplied 
irrigation only they would fail to meet demand in summer and would be of limited use in 
winter because there would be reduced demand. Much of the roof runoff would overflow from 
the rainwater tanks during winter months. Using rainwater tanks for toilet flushing, which has 
a constant demand, allows the rainwater tank to become more useful during the winter 
months because it can reduce demand on imported water and at the same time reduce roof 
runoff. 
Table H21 shows a comparison of rainwater tanks supplying irrigation with rainwater tanks 
supplying irrigation and toilet flushing. The rainwater tank volumes are kept constant for each 
scenario and are the same volumes used in Scenario 1. As expected, the saving in scheme 
water is higher when toilets are connected to the rainwater tanks as is the reduction in roof 
runoff.  
It should be noted that the high irrigation demand mitigates the difference between the 
effectiveness of the two options. If irrigation demand was reduced, the difference between 
supplying ‘toilet and irrigation’ and ‘irrigation only’ would be increased (both for roof runoff 
and rainwater consumption). 
Table H21 Comparison of rainwater tanks used for irrigation with those used  
for irrigation and toilet flushing 
Residential roof runoff generation (ML/yr) 8 
Raintank water use (ML/yr) Irrigation 6 
Irrigation and toilet 7 
Scheme water supply saving (%) Irrigation 6.2% 
Irrigation and toilet 6.9% 
Residential roof runoff reduction (%) Irrigation 79% 
Irrigation and toilet 88% 
5.3 G reywater 
Use of greywater in residential lots has the potential to significantly reduce scheme water 
consumption and flows to the wastewater treatment plant. Comparison of Scenario 1 with 
Scenario 2 and Scenario 3 demonstrates that greywater use would be more effective than 
rainwater tanks in reducing scheme water consumption. If greywater is used for garden 
irrigation, scheme water use is reduced in Dowerin by 12 per cent. If greywater is used for 
garden irrigation and toilet flushing, scheme water use is reduced by 15 per cent. This 
compares to rainwater tanks which would save 7.1 and 7.8 per cent for garden irrigation and 
garden irrigation / toilet flushing respectively. Greywater use is therefore more effective in 
reducing scheme water consumption than rainwater tanks. Due to the constant, year round 
demand for toilet water, when the greywater is plumbed to the toilet, the potential for scheme 
water reduction and wastewater flow reduction is increased than for when greywater it is 
used for irrigation only. 
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Table H22 Comparison of greywater used for irrigation with greywater used  
for irrigation and toilet flushing 
Greywater generation (ML/yr) 19 
Greywater use (ML/yr) Irrigation 12 
Irrigation and toilet 15 
Scheme water supply saving (%) Irrigation 12% 
Irrigation and toilet 15% 
Reduction in wastewater flows (%) Irrigation 31% 
Irrigation and toilet 39% 
Arguments against using greywater include: 
● Contaminant loads to land are increased 
● Wastewater flows are decreased which may cause clogging problems in the sewers 
and counteracts the potential benefits of centralised reclaimed water use 
● Greywater system maintenance can be costly and beyond the ability of some 
occupants.  
Counter arguments include: 
● Contaminants from greywater use would not be significant in Dowerin due to the low 
density nature of the development. The soils should be capable of dealing with the 
extra contaminants/nutrients (especially in the case where the greywater is treated). 
● A decentralised reuse system such as greywater does not require an expensive third 
pipe to be plumbed to every household. The infrastructure of a greywater system would 
also be above ground and therefore have a reduced chance of being affected by 
salinity. 
● A well-operated and well-designed greywater treatment and storage system should not 
require excessive maintenance. Direct greywater diversion for subsurface irrigation 
would require very little maintenance or cost. 
Further analysis (e.g. costs, contaminant loads, local conditions and community attitudes) is 
required to determine which arguments would prevail and for a definitive answer on the 
benefits and costs of greywater use in Dowerin. Local laws and legislation regarding use of 
greywater would also need to be investigated. 
5.4 Outdoor water us e 
Outdoor residential water use in Dowerin is estimated to be 114 kL/capita/year (Table H23). 
This compares to the Western Australian average for 2000–2001 of 66 kL/capita/year (ABS 
2004) and the Perth single residential average of 77 kL/capita/year (Loh and Coghlan 2003). 
The reasons for discrepancies are plentiful and may include modelling error, climatic factors, 
cultural factors (e.g. socially acceptable garden type), land block size, population density and 
soil type.  
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Table H23 Outdoor water use summary 
Month 
Residential Non-residential 
Total (ML) Per capita (kL) Total (ML) Per capita (kL) 
January 5.1 14 2.8 8 
February 4.3 12 2.4 7 
March 4.8 13 2.6 7 
April 3.9 11 2.2 6 
May 2.8 8 1.6 4 
June 0.8 2 0.5 1 
July 0.7 2 0.4 1 
August 1.0 3 0.5 2 
September 3.0 8 1.6 5 
October 4.3 12 2.4 7 
November 4.7 13 2.6 7 
December 5.2 14 2.8 8 
Total 40.8 114 22.4 62 
Seasonal variation in residential outdoor water use ranges from 0.7 ML in June to 5.2 ML in 
December (see Table H23 for more details). The extreme variation in irrigation consumption 
is a direct result of the extremely seasonal climate (see Figure H6). Outdoor water use in the 
non-residential areas was estimated to vary from 0.4 ML in June to 2.8 ML in December. 
It should be noted that the figures shown in Table H23 are estimates only and are based on 
the seasonal patterns of end use and assumptions about residential indoor use. The figures 
represent scheme water consumption only and do not include losses (due to leakage, 
evaporation, unmetered use or seepage) or alternative supplies such as reclaimed water or 
locally collected stormwater. 
5.5 E nd us e demand management 
End use demand management is a very effective way of reducing water consumption. End 
use demand management could be in the form of structural changes, such as water efficient 
showerheads, revised garden landscaping or water efficient washing machines; or in the 
form of non-structural changes, such as educating consumers to reduce consumption. A 
study of the impact of structural end use demand management in Canberra (Diaper et al. 
2003) reported annual water savings that can be achieved from water efficient appliances as: 
• Water efficient dishwashers — save 0.6 kilolitres per year per household 
• Water efficient showerheads — save 26 kilolitres per year per household 
• Dual flush toilets — save 18 kilolitres per year per household 
• Water efficient washing machines — save 10 kilolitres per year per household. 
This amounts to 55 kL of water per house annually that can be saved with adoption of water 
efficient appliances and does not include improved garden irrigation practices or non-
structural demand management. 
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The saving of 55 kL per house per year for Canberra is not directly transferable to Dowerin 
however it can be safely assumed that significant savings can be made. A saving of 55 kL 
per house in Dowerin translates to 16 per cent of residential indoor use, 17 per cent of total 
residential use and 11 per cent of total use. 
5.6 R ec laimed water and s tormwater c ollec tion and us e 
If a reclaimed water scheme is not already in operation at Dowerin then consideration should 
be given to beginning one. Reclaimed water schemes often involve supply of parks and 
gardens for irrigation. Consideration should also be given to supplying a constant, year round 
end use such as industry or residential toilet flushing. A constant, year round end use has the 
advantage over seasonal end use in that large volumes of water are consumed in winter. 
The required storage volume for the reclaimed water is hence reduced and total reclaimed 
water volume has the potential to be greater. 
Stormwater collection and use could also be considered to supplement scheme water use. 
The annual stormwater runoff figures are high enough to warrant further analysis, however 
the infrequent and seasonal nature of rainfall would mean a large storage would be required. 
It should also be noted that the annual stormwater runoff figures include areas beyond the 
immediate township and it may not be practical to collect all of the stormwater runoff. 
Reclaimed water use has the benefit over stormwater collection and use in that the supply is 
constant and not subject to seasonal variation. This means the size of the reclaimed water 
storage will be significantly less than stormwater storage with the same volumetric efficiency. 
Reclaimed water use for toilet flushing and irrigation has the potential to reduce scheme 
water consumption by roughly 40 per cent (further detailed analysis would be required to 
confidently predict this figure). 
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5.7 R ainwater tank, greywater s ys tem and plumbing c os ts  
It is difficult to exactly estimate the cost of rainwater tanks and greywater systems as the cost 
will vary from one place to another. The information in this section has been collected from 
suppliers, web sites and past studies conducted in this area. The cost of the rainwater tanks 
from some of the manufacturers is listed in. The costs for various styles of greywater 
systems (sourced from Diaper et al. 2004) are listed in Table H24. It should also be noted the 
prices are based 2004–2005 data. These prices are indicative and should only be used for 
comparative purposes.  
In addition to cost of the rainwater tanks there are a number of other items to be considered 
for costing such as transportation, installation, additional plumbing, first flush devices, 
maintenance and insect proof screening. Some of these costs have been estimated by Grant 
et al. 2003, see Table H24. Table H25 should only be considered as indicative because 
installation costs of rainwater tanks are site specific. 
Based on Table H24 and the total cost of a 20 kL tank should be around $3 195 as shown in 
Table H25. 
The total cost of a greywater system will depend upon the complexity of the design. Simple 
diversion valves cost very little (30–$40) but the cost of a system will increase if storage, 
pumping and a subsurface irrigation system is employed. A greywater treatment and storage 
system such as proposed in Scenario 2 could range from $2 000 to $10 000 depending upon 
style of treatment used, plus the cost of pumping and a subsurface irrigation system. 
A rough estimate for the cost of a greywater system for Scenario 2 is $6 000 for the 
treatment and storage system, $200 for the subsurface irrigation system and $720 for 
plumbing costs (as per Table H24). This totals to approximately $7 000. 
A rough estimate for the greywater system in Scenario 3 is $40 for the diverter valve, $200 
for the subsurface irrigation system and conservatively $200 for plumber’s charges. This 
totals to approximately $450. 
Table H24 Rainwater tank installation and pump costs 
Item Cost ($A) 
Pipes and fittings 70 
Plumber charges 200 
Pump 350 
Electrician 100 
Total  720 
Table H25 Total cost of 20 kilolitre rainwater tank 
Item Cost ($A) 
20 kL Tank 2 375 
Delivery 100 
Installation 720 
Total  3 195 
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Table H26 Cost of rainwater tanks (2007) 
Tank capacity Team-poly tanks (Black)1 ARI Plastank
2 Tankmasta3 Aquasource3 
Litres Cost ($AU) Cost ($AU) Cost ($AU) Cost ($AU) 
1 000  410   
1 300   565  
1 500    2 340 
2 000   685  
2 250  590  2 750 
3 000    3 270 
3 300   890  
3 600  825   
4 500  825 1 020  
5 600   1 100  
5 900   1 155  
9 000 1 397 1 435 1 390  
10 000   1 460  
12 000   1 785  
13 500 1 837 1 825   
16 200   2 230  
18 000  2 090   
20 000   2 375  
22 000 2 475    
22 800   2 525  
25 000   2 625  
27 000 2 838 2 470 2 875  
30 000  3 220   
35 000   4 480  
45 000  5 020 5 250  
1 www.enviro-friendly.com/team-poly-water-tanks.shtml. 
2 http://www.enviro-friendly.com/ari-plastank-water-tanks.shtml. 
3 http://www.enviro-friendly.com/pricelist.shtml. 
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Table H27 Greywater system materials, costs, and energy and maintenance requirements (Diaper 2004) 
Process type Lo or li tech 
Materials/major 
components 
Capital cost 
per 
household 
Energy usage Operation and maintenance requirement 
Simple diverter 
valve 
Low uPVC pipe $30–40 None—Gravity 
fed for irrigation 
Minimal maintenance of 
valve. Continuous user 
control of irrigation area. 
Sedimentation 
tank and ecosoil 
irrigation field 
Low Standard piping 
Tank 
Gravel/ecosoil 
$1 2000 
(1000 
L/day) 
Gravity fed or 
pumped 
Continuous user control of 
irrigation. 
Desludging of 
sedimentation tank. 
Diverter valve, 
filtration, storage 
(drip irrigation) 
Low Piping 
Tank 
Pump 
Drip piping 
$30–40 
$250 
$250 
$1–2/m 
Pumping 
required 
Continuous user control of 
irrigation. 
Filter cleaning. 
Sand filter (for 
subsurface 
irrigation or toilet 
flushing) 
Low Tank 
Pump 
UV lamp 
$5 500 Pumping and 
UV 
7.2 kWh/kL 
(80% for UV) 
Continuous user control of 
irrigation. 
None specified. 
UV lamp replacement? 
Aeration (for toilet, 
garden and 
clothes), 
e.g. Pontos 
High Coarse filtration 
Tank 
Pumps 
Air blower 
UV lamp 
Microprocessor 
$6 500 Air blower 
Pumping 
UV 
Total 
0.6 kWh/day 
(for 2400 L) 
UV lamp replacement 
(annually). 
Electroflotation 
(for toilet, garden 
and clothes) 
High Tank 
Pumps x2 
Electrodes 
pH control 
Microprocessor 
$7 500 0.5-0.8 kWh/kL Electrode replacement. 
Pressure filtration 
(toilet, garden and 
clothes) 
High Coarse filtration 
Tanks 
Pumps 
Filtration 
medium 
UV lamp 
Microprocessor 
NA Pumping 
required 
Coarse filter cleaning 
(monthly). 
Replace filter media 
(annually). 
Desludge tank (annually). 
UV lamp replacement 
(annually). 
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6. C onclus ion 
Residential water consumption in Dowerin was estimated using meter data supplied by the 
Water Corporation of Western Australia. The data indicate approximately 180 kL per capita 
per year is consumed in residential areas, which is above average for Western Australia. The 
ABS estimated residential consumption in Western Australia to be 132 kL per capita per year 
(ABS 2004) for 2000–2001 and Perth is estimated to consume 136 kL per capita per year in 
single residential households (Loh and Coghlan 2003). 
Estimated stormwater runoff from the study area is 80 ML per year, which represents an 
annual volumetric runoff coefficient of 9 per cent. No data was available for calibration; 
however a volumetric runoff coefficient of 9 per cent is reflective of the large percentage of 
pervious area within the study area. Stormwater collection and use is a possible water 
management option however it must be remembered that stormwater flows are highly 
seasonal and infrequent by nature. The study area extends well beyond the immediate 
township so runoff collection may be impractical in some areas.  
Wastewater discharge from the study area is estimated at 39 ML per year. The wastewater 
numbers in Table H28 are more reliable than the stormwater numbers because they are 
based on water consumption data provided by the Water Corporation of Western Australia 
and making a series of assumptions about the proportion of indoor water consumption. 
Centralised treatment and reuse of wastewater has the potential to reduce reliance on 
scheme water by up to 40 per cent on an average annual basis (if all wastewater was able to 
be reused) however further investigation is required to confidently predict this figure. 
Table H28 Estimated water account 
Population 358 
Climate (mm/yr) Rainfall 355 
Evaporation 2 135 
Scheme water supply average (ML/y) Total 102 
Indoor 39 
Outdoor 63 
Scheme water supply average 
(kL/cap/y) 
Total 286 
Indoor 109 
Outdoor 176 
Residential scheme water supply 
average (kL/cap/y) 
Total 180 
Indoor 66 
Outdoor 114 
Wastewater discharge average (ML/y) 39 
(kL/cap/y) 109 
Stormwater runoff average (ML/y) 80 
(kL/cap/y) 225 
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Rainwater tanks will only reduce scheme water consumption by 7 per cent and stormwater 
runoff by 9 per cent. Rainwater tanks are very good at intercepting roof runoff however roof 
runoff only makes up a small portion of total stormwater runoff. Even though roof runoff is 
reduced by 88 per cent, stormwater runoff is reduced by only 9 per cent (see Table H29).  
Table H29 Rainwater tank summary 
Residential roof runoff generation (ML/yr) 8 
Raintank water use* (ML/yr)  7 
Scheme water supply saving (%) 7% 
Residential roof runoff reduction (%) 88% 
Stormwater runoff reduction for study area (%) 9% 
* This is equal to roof runoff reduction (ML/yr). 
Use of greywater on individual residential lots has the potential to be more effective than 
rainwater tanks. Use of greywater on every residential lot for garden irrigation has the 
potential to reduce scheme water use by approximately 12 per cent or 12 ML per year. If 
toilet flushing is included, this increases to 15 per cent and 15 ML per year. This equates to a 
reduction in flows to the wastewater treatment plant of 31 per cent when greywater is used 
for irrigation and 39 per cent when greywater is used for irrigation and toilet flushing. 
Table H30 Greywater use summary 
Greywater generation (ML/yr) 19 
Greywater use (ML/yr) Irrigation 12 
Irrigation and toilet 15 
Scheme water supply saving (%) Irrigation 12% 
Irrigation and toilet 15% 
Reduction in wastewater flows (%) Irrigation 31% 
Irrigation and toilet 39% 
* This is equal to reduction in flows to the wastewater treatment plant. 
To achieve significant improvements in water management, i.e. to achieve a reduction in 
scheme water consumption, wastewater discharge and stormwater runoff, measures beyond 
rainwater tanks need to be considered. On-site reuse of greywater offers a potential 
significant reduction in scheme water consumption and wastewater flows. Demand 
management in the form of water efficient appliances, public education, water efficient 
gardens and water pricing would also reduce scheme water consumption and wastewater 
flows. Other management options such as stormwater collection and groundwater extraction 
could also be considered. 
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1. Introduction 
Current water management practice and townsite salinity issues in the WA Rural Towns–
Liquid Assets (RT-LA) have certain similarities which are associated with their water supply 
schemes, the geological and geographical characteristics of the townsite catchments and 
their history of development. Commonly, all towns included in the RT-LA project experience 
certain damage to the local infrastructure due to the corrosive effects of saline soil and 
groundwater. There is also a concern related to fresh water availability, its quality and costs 
associated with water delivery to the towns. These similarities allow identifying urban salinity 
and rural water supply as the major objectives of the RT-LA project.  
However, variations in townsite characteristics influence the town-specific water 
management issues and priorities. 
Urban salinity and waterlogging may be related to the regional processes (such as rising 
regional groundwater levels or regular flooding), localised processes (such as enhanced 
infiltration as a result of water use in the towns or stormwater ponding in landscape 
depressions and upstream from local infrastructure such as roads) or both. Accordingly, 
water management options or their combination will be different in each case. For instance, 
in a case of a rising regional groundwater levels, stormwater management may provide only 
a limited capacity to control salinity in the towns, and groundwater abstraction may become 
an important component of the Water Management Plan. On the other hand, stormwater 
management may be adequate when salinity is caused by localised surface water 
accumulation. 
It is important to note that the social survey, undertaken during 2004–2005 as a part of the 
project, indicated that local communities often do not consider townsite salinity as a pressing 
issue for their towns. Wall rendering is often used to protect local buildings, regular road 
repairs cover the damage caused by waterlogging, and overall salinity becomes a 
background feature of the townsite life which often remains unnoticed. 
Similarly, issues related to the townsite water supply were not identified by the towns’ 
residents as serious. Most of the towns included in the project have no restrictions on water 
use. However, shires are concerned with the cost of water used for irrigation of the towns’ 
recreation grounds and parks. Although there are local non-potable water sources available 
to shires (such as treated wastewater and local dams), they do not provide a sufficient and 
reliable resource for shire water demand. Accordingly, scheme water is often used for 
watering townsite public areas. 
Yet the current water price, while it may be considered high by shires, is nevertheless heavily 
subsidised by the State Government, so that the introduction of any new water supply 
schemes may be limited by the current water pricing policy. It is important to define 
conditions/circumstances, when an alternative water supply may be cost effective (such as 
government subsidies, price policy alteration, etc.). 
Interestingly, there existed a desire, by many communities, to beautify their townsite, which 
largely relates to the improvement of townsite vegetation ('leafy streets') and therefore 
requires additional water resources for irrigation. 
New alternative local water supply sources may be possible through: 
● surface water harvesting in the vicinity of the townsite 
● restoration of the existing large dams previously used for the water supply (and still 
owned by the Water Corporation); and/or 
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● desalination of groundwater, produced by methods to control groundwater levels under 
the towns. 
Each town requires an evaluation and comparison of various, and sometimes conflicting, 
objectives and water management options. This prioritisation framework aims to navigate a 
path through townsite’s specific issues and to facilitate development of the strategy for each 
townsite investigation and Water Management Plan design. 
The nature of the task is well suited to an expert system (ES) methodology. An important 
outcome of this approach is in providing a transparent, while structured and knowledge-
based appraisal of complex issues and solutions leading to a Water Management Plan that is 
more likely to be accepted by shareholders. Furthermore, this approach facilitates the 
integration of outcomes from multidisciplinary research employed in the project. The 
disciplines encompassed hydrogeology, geophysics, surface hydrology, water quality, urban 
drainage, social and economic studies. 
A general description of expert system’s approach is provided in Section 2. Section 3 details 
the methodology as applied to this project. The methodology is presented in several steps; 
each step is illustrated in Section 4 using the information collected/generated for the four 
towns currently undergoing investigations. 
The described below approach has been developed and adopted within the project Rural 
Town–Liquid Assets and approved by the project management team.  
2. E xpert s ys tems  and their applications  
The study of water related management issues and decision options are a complex 
interaction of disciplines and social and economic criteria. Development of expert systems 
(ES) and multi-criteria analysis (MCA) enables a simpler framework to tackle a complex 
problem for the decision maker. Use of MCA and ES provide a greater understanding of the 
problem for decision makers through a simplistic, transparent and systematic evaluation that 
can be repeated and modified as required (Özelkan and Duckstein 1996; Verbeek et al. 
1996). MCA and ES provide a better general understanding of the structure of problems as 
well as a better understanding of possible outcome options and the prioritisation of options 
(Özelkan and Duckstein 1996). This is increasingly important as public awareness of 
environmental issues increase and valuable public input is included in a MCA or ES. 
(Khadam et al. 2003).  
Expert systems are a branch of applied artificial intelligence (AI), which were broadly 
developed in mid 1960s (Liao 2005). The ESs allows expert knowledge to be transferred to a 
computer program in a structured manner, which can then be used if specific advice is 
needed. ESs often use heuristic reasoning rather then numeric calculations, focus on 
acceptable rather then optimal solutions, allow separation knowledge and control, and 
incorporate human expertise. They also tend to be suitable for ill-structured and semi-
structured problems (Shepard 1997). ESs are usually developed for specific domains rather 
then for a generic application. ES development requires a degree of interaction between the 
system developer and the user.  
ESs provide a powerful and flexible means for obtaining solutions to a variety of problems 
that often cannot be dealt with by other, more traditional methods. They are particularly 
useful when multi-disciplinary complex problems are addressed. There are a number of ES 
categories (e.g. rule-based systems, knowledge-based systems, neural networks, fuzzy 
expert systems, etc.) which may be applied to a variety of the subjects such as system 
development (Mulvaney and Bristow 1997), geoscience (Soh et al. 2004), environmental  
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protection (Gomolka and Orlowski 2000), urban design (Xirogiannis et al. 2004), waste 
management (Fu 1998), ecological planning (Zhu et al. 1996), water supply forecast 
(Mahabir et al. 2003) and others. 
The report presents the initial stage of an expert system development aiming to support 
decision making process on water management improvement in WA rural towns. As such it 
describes an algorithm which in the later stage could be translated to a commuter-based ES. 
Key to the development of MCA and ES systems is the identification of decision objectives. 
Decision objectives will form the foundation of criteria used in the MCA and ES. The 
objectives can be translated into measurable criteria that reflect the common questions of the 
decision maker (Rosa et al. 1993; Verbeek et al. 1996; Khadam et al. 2003). Carter et al. 
(2005) and Chen et al. (2005) used MCA for water management based on a long term 
objective of water demand and consumption coupled with resource availability and efficiency 
of use. Objective based criteria and expert knowledge can be factored together with 
management policy, public values and political and administrative criteria that is difficult to 
quantify (Rosa et al. 1993; Verbeek et al. 1996). An integrated approach to water 
management is widely accepted, it can highlight the interactions between ground and surface 
water and between water and human factors (Carter et al. 2005). Carter et al. (2005) gives 
the example of urban development policy compromising groundwater recharge and quality. 
Rosa et al. 1993 used an ES to asses the field vulnerability of agrochemicals. The system 
combined local factors relating to soils, climate, water and chemicals with land management 
factors. Verbeek et al. 1996 used and MCA that combined various models and administrative 
policies to create an Integrated decision support system. 
The majority of MCA and ES within water management can be classed into two groups. 
Those that assess the physical aspect of water management, such as risk assessment 
(Khadam et al. 2003), condition classification, vulnerability (Rosa et al. 1993), and those that 
assess the outcomes of water management such as, reactions to policy and various options 
(Bethune 2004). Khadam et al. (2003) used MCA to assess risk of contaminated 
groundwater, when risk was analysed as being un-acceptable a number of remedial 
alternative were identified. MCA analysis was also used to rank the remedial measures. 
Khadam et al. (2003) stated that when no one dominant measure can be identified as either 
the best or worst, MCA was a useful tool in ranking the outcomes. MCA has been used to 
assess options for the abstraction of bores at risk of chlorinated solvents. MCA was used in 
two parts, firstly problem identification and secondly for the prioritisation of monitoring 
strategies (Tait et al. 2004). Lee et al. (1997) studied the use of a fuzzy ES for the 
classification of stream water quality. The ES was focused on streams for which quantitative 
water quality data was not collected. Using ecological information to classify the streams, 
based on physical characteristics (eg turbidity) and biological indicator species, the results 
showed that the fuzzy ES represented the real world well and better than conventional ES on 
a comparison. 
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3. F ramework for prioritis ation of the water management 
options  (F P WMO) 
A proposed framework is schematically presented in Figure I1 and outlined below. The RT-
LA project has two main objectives: mitigation of townsite salinity and opportunities for new 
water supply resources. 
Within these objectives, FPWMO will help identify the townsite’s specific issues, related to 
current water management and within existing and forecasted constraints such as  
● policy changes 
● consideration for regional priorities; and/or 
● water pricing changes. 
As shown in Figure I1, the identified issues could be outside the project scope (e.g. limitation 
in energy supply, demographic trends), but those which are relevant to the project objectives 
need to be considered within the context of the Triple Bottom Line (TBL). Those solutions 
may be directly related to water resources management (groundwater or surface water) or 
water use/demand management. Alternatively they may be addressed by measures 
unrelated to the water management options, such as infrastructure modification providing a 
barrier between infrastructure and soil moisture or water efficient appliances, reducing 
potable water demands in the town. 
The proposed solutions can be ranked, costed and brought to the stakeholders’ attention. 
The water management options selected as a result of community consultations will be 
recommended for an engineering evaluation and be included in the Town Integrated Water 
Management Plan. 
The framework was developed to accommodate the project specific conditions, and as such 
is applicable at various stages in project development. It is also based on the data available 
to the project at its different stages. 
3.1 Towns ite inves tigation s trategy.  The framework enables to help define the 
townsite specific issues and to guide the townsite investigations.  
At this stage the decision-making process is largely based on the data generated by the 
Department of Agriculture And Food, Western Australia’s (DAFWA) Rural Towns Program, 
which among other aspects includes groundwater monitoring records, preliminary 
geological/hydrogeological system description based on the drilling and a flood risk analysis. 
3.2 E valuation of the town’s  water needs  and the availability of loc al 
water res ourc es  to s atis fy demands . At this stage the framework guide the 
'water audit' process, when the local water resources, defined during the townsite 
investigations, are considered simultaneously with the town water demand and in the 
context of the current water supply.  
The local water resources include stormwater generated within the townsite, waste water and 
local groundwater. The methodology for the townsite water balance evaluation is described 
in Appendix H. 
Water supply data for each town has been provided by the Water Corporation, while shires 
supplied information on water use for community purposes within each town. 
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Figure I1 Framework for townsite prioritisation. 
3.3 S elec tion of the towns ite water management options . The framework 
leads to definition of the generic water management options and provides the basis for 
their prioritisation. It is particularly valuable that the framework facilitates engagement 
of the local communities in this process. 
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The main outcome at this stage is a final scope for the Water Management Plan (WMP) 
individually designed for townsite-specific conditions. Ideally WMPs also need to address 
new water demands for townsite beautification, new industry development and introduction of 
demand management options (alternative water appliances, third pipe, rain tank water use 
for toilet flushing and others). 
Following on from the project objectives, an integrated townsite Water Management Plan is 
required to address both urban salinity and the potential for developing new water resources. 
FPWMO allows facilitating the selection of water management options, while clarifying three 
major questions: 
● Is salinity a significant problem in a town? 
● If so, how is it managed best? 
● Is there sufficient demand for a new water supply? 
4. Ques tions  
4.1 Is  s alinity a s ignific ant problem in the town?  
As mentioned above, townsite salinity is not often considered by the local communities as a 
pressing issue. However, in some cases this opinion may be contradicted by observed 
salinity-related damage of local infrastructure. There were also references to the estimated 
cost of the WA townsite infrastructure damage as close to $50M over the next 30 years (URS 
2001). 
Figure I2 illustrates a structured approach to verify the query if salinity control should be 
included in the RT-LA scope. The decision here is largely based on the available data 
generated during the townsite monitoring undertaken by DAFWA’s Rural Town Program. 
At this stage the framework required identification of the following: 
4.1.1 S tormwater acc umulation  
If there is a potential for surface water accumulation within the townsite during storm events 
or flooding, then salinity may potentially become an issue within the affected areas. 
4.1.2 Average annual groundwater level within towns ite 
For the purposes of the townsite prioritisation it is feasible to use the trigger value for the 
groundwater level (1.8 m) proposed by Nulsen (1989). It was assumed that this depth 
indicates an annual average groundwater level. For more detailed analysis a salinity risk 
assessment could be used (Barron et al. 2005). 
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Figure I2 Infrastructure damage by waterlogging and salinity. 
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4.1.3 G roundwater level trends  
If the groundwater level was found to be below the trigger depth, it is also important to define 
trends in the groundwater level fluctuation. If an upward trend is observed then salinity may 
potentially become an issue, and further investigations are required to support a decision 
making process. 
4.1.4 S ec tion of the towns ite affec ted by s hallow groundwater 
Due to landscape, depths to the groundwater within townsites may vary, and salinity 
processes may affect only a limited part of the townsite. In this case the requirements for 
salinity management need to be defined based on an evaluation of infrastructure damage 
cost, and are unlikely to be significant if the annual average groundwater level <1.8m occur 
within less than 10 per cent townsite. At this stage the assessment is based on the up to date 
experience within RT-LA, but further evaluation is required.  
4.1.5 Infras truc ture damage within the area affec ted by s alinity  
The final decision on an individual case is made based on the type of infrastructure affected 
and should include consultation with community/shire representatives. 
The proposed triggered values for an annual average groundwater level and extent of the 
affected townsite area are indicative at this stage and require further verification. 
4.2 How is  s alinity bes t managed?  
Once salinity is defined as a townsite issue, a number of options may be applied to control 
the process. They may include shallow and deep drainage, groundwater pumping or surface 
water rerouting. There may also be options which are not related to water management (such 
as the use of salt-resistant construction materials, infrastructure relocation or land use 
alteration). In order to develop the most appropriate salinity control measures, it is important 
to define the nature of the salinity process in the townsite, which will allow dealing with the 
causes of salinity development rather then its manifestation. The methodology to verify the 
answers to this question is shown in Figure I3. 
Within the framework the characterization of the salinity is considered in the context of the 
shallow groundwater balance, where possible water fluxes within the shallow groundwater 
system are defined (Table I1). 
Often the groundwater systems in the WA wheatbelt consist of shallow and deeper aquifers. 
The difference between the groundwater and hydraulic head of the deeper aquifer describes 
the vertical groundwater gradient, and provides an indication of the shallow water balance 
components. A downward gradient (the groundwater is positioned above the hydraulic head 
of the deeper aquifer (Figure I4) indicates a downward flux from the shallow to the deep 
groundwater system (providing the shallow and deep aquifers are hydraulically connected). 
In such a case the drawdown of the shallow groundwater may be achieved by reduction in 
the local groundwater recharge, such as the elimination of stormwater accumulation or 
alteration in the gardens/parks irrigation regime. This scenario provides an opportunity for 
surface water harvesting within the townsite (subject to water quality). 
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Figure I3 Management options for waterlogging and salinity control. 
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In the case where the hydraulic head in the deeper aquifer is above the groundwater 
(Figure I4), the upward groundwater fluxes are likely to contribute to the townsite salinity 
development (providing that there is a hydraulic connectivity between these two systems). In 
such a case, local groundwater recharge control may provide only limited capacity as a 
salinity control measure, and groundwater abstraction from the deeper groundwater system 
may be required. 
The abstracted water is likely to be brackish or saline and may be reused after treatment 
(desalination). Additionally there may be an alternative use for saline water, such as irrigation 
of salt tolerant turf and shrubs. The effectiveness of this option will depend upon aquifer 
transmissivity, which may be limited. 
Table I1 Shallow groundwater fluxes 
Shallow groundwater recharge Shallow groundwater discharge 
Regional infiltration (rainfall) Evaporation/evapotranspiration from the shallow 
groundwater  
Local infiltration (surface water accumulation or water 
use practice, e.g. parks’ irrigation) 
Throughflow 
Upwards fluxes from deeper groundwater systems Downwards fluxes to deeper groundwater systems 
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Figure I4 Variation in the vertical groundwater gradient (downward and upward). 
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4.3 Is  there s ignific ant demand for new water s upply?  
Water use in WA rural towns predominantly relies on the scheme water supply, which is 
supplemented by treated waste water and surface water harvested in the local dams. 
Commonly water supply from the local resources combines up to 90 per cent treated waste 
water and up to 25–30ML harvested water. Local dam capacity in some towns is not 
sufficient to supply scheme water needs throughout the dry season, and the quality may be 
poor for drinking. The local fresh water resources are used by shires for irrigation of the town 
parks and sport grounds, often in combination with scheme water. 
Drinking water demands in towns are commonly satisfied by the existing water supply 
scheme. Scheme water use is currently restricted only in towns located along the Goldfields 
and Agricultural Water Scheme. 
It is important to identify the motivation of rural town communities to develop a new or 
alternative water supply. The requirement for new water resources is often driven by the 
water costs, which are considerable for the larger rural water users, such as shires and 
industrial groups. For instance, the annual water cost of the Katanning meatworks 
(WAMMCO) is in the range of $0.5M, while the Shire of Wagin scheme water use costs up to 
$20K per year (Woodanilling—up to $8K, Nyabing—up to $6K, Lake Grace up to $18K).  
Rural water supply is subsidised by Community Service Obligations (CSOs) and as a result 
rural town water tariffs at the lower ranks of water use(350KL) are comparable with the 
metropolitan water prices. The introduction of new local water resources, potentially including 
desalination of saline groundwater, is likely to carry much greater cost, and as such could be 
a less favourable alternative to the current water supplies. 
The Water Management Plan aims to address the current water demands and water quality 
constraints for townsite water supply. It also identifies potential water users if additional water 
supplies become available. This is preferably considered simultaneously with the water 
management options proposed to mitigate townsite salinity, as proposed within the FPWMO 
and demonstrated schematically in Figure I5. 
On the other hand it is anticipated that there may be demands for three main water quality 
types:  
1. Potable water for human consumption and some industrial use which may have 
specific water quality requirements: Supply of this water type is a subject to rigorous 
regulation and any new potable water resources will need to health standards and risk 
management. 
2. Fresh water for non-potable use for irrigation of domestic gardens and townsite parks 
and ovals. 
3. Brackish/saline water, which is not commonly used in towns, but the opportunities for 
brackish/saline water use for irrigation of salt-tolerant turf or aquiculture are within the 
scope of this project. 
The potential sources for those water demands are summarised in Table I2. 
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Figure I5 Townsite water demands. 
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Table I2 Sources of the local water resources 
Water quality Sources of water resources 
Potable water 
Potable water demand may be reduced by the introduction of alternative 
in-door water appliances or supplementing outdoor water use with fresh, but 
non-potable water supply. 
New potable water may be generated via groundwater desalination, 
providing the local groundwater water quality and quantity are adequate for 
desalination (contributing to salinity risk reduction). 
Fresh water for non-potable 
use 
New resources may be generated via townsite stormwater harvesting 
(contributing to salinity risk reduction). 
Catchment water harvesting or improvement of the existing dams (dam 
catchment enhancement, dams’ alteration) may provide additional fresh 
water resources. In some cases (as in Lake Grace) this option will also 
reduce the salinity risk within the townsite. 
Abandoned Water Corporation dams, previously used for local water 
supplies. 
Brackish/saline water 
Brackish/saline water used for irrigation of salt-tolerant turf. 
Brackish/saline water used for aquiculture. 
4.4 Identifying the s c ope for the towns ite water management plan and 
ranking the water management options   
As described above FPWMO is designed to identify both key issues and potential water 
management options which in turn lead to the definition of the townsite Water Management 
Plan scope. 
The most commonly considered generic water management options are given in Table I3. 
The final decision on the WMP scope is based on comparisons and ranking of the 
preliminary selected options in view of the cost of their implementation and maintenance, 
local community preferences and environmental safety. 
To guide community engagement in the process of water management option selection, a 
multi-criteria ranking system was employed. The method allowed the ranking of water 
management options, based on the following: 
● Twelve selection criteria 
● Criteria weighting as an identification of its relevance to an individual town’s needs 
and/or community aspiration; and 
● Option score identifying the relevance of an individual water management option to 
satisfy the relevant criteria. 
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Table I3 Water management options aimed at improving rural town water management (the current batch 
of rural towns fit within a number of the shaded yellow boxes) 
 
Additional water demands 
Potable water Non-Potable Water None 
 Fresh Brackish/Saline  
Sa
lin
ity
 is
 a
n 
is
su
e 
Townsite 
stormwater 
management 
Direct use     
Disposal     
Treatment and 
reuse     
Groundwater 
abstraction 
Direct use     
Disposal     
Treatment     
Improvement in townsite water 
use     
Adoption of the salt resistant 
building materials     
Sa
lin
ity
 is
 n
ot
 a
n 
is
su
e 
Catchment 
runoff 
harvesting 
Use     
Treatment     
Groundwater 
abstraction 
Reuse     
Disposal     
Treatment     
An example of the criteria, their weighting and scoring system is given in Table I4. While 
there is a suite of common criteria, their final selection is town specific and needs to be 
defined in consultation with main stakeholders. 
This approach may be further expanded to more refined multicriteria analysis. 
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Table I4 Criteria for water management option selection 
Criterion 
Weighing 
factor 
(1–10) 
Option score 
High (9) Medium (3) Low (1) 
Reduction in infrastructure damage  > $100 000 $50 000-$100 000 < $50 000 
Additional water supply   
Reliable new 
water resource 
available for 
new user  
Above current 
Shire water 
demand to 
support 
townsite 
beautiful  
Below current 
Shire water 
demand  
Capital cost for the option  < $250 000 $250 000–$1 000 000 > $1 000 000 
Annual operating and maintenance cost  < $50 000 $50 000–$100 000 > $100 000 
Is the technology proven?  Yes Sometime used No 
Energy requirements   Low Medium High 
Ease of operation  Fully automated Some manual input 
Manually 
operated 
Downstream income   Economic Profitable 
Positive benefit 
within TBL 
Positive total 
benefit within 
TBL 
Shire resources to implement the option  No resources required  
Minimum 
resources 
required  
Resources 
required  
Potential external funding   
Fully sponsored 
by external 
sources 
Partly 
sponsored by 
external 
sources 
Minimum 
sponsored by 
external 
sources 
Employment   Long term employment 
Short-term and 
long-term 
employment 
Sort term 
employment 
only  
Downstream environmental impact   Low risk Medium risk High risk 
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5. C onclus ions  
The proposed methodology facilitates prioritisation of water management options in Western 
Australian towns. The framework has been adopted by the RT-LA project team to guide the 
project through the investigations of the next 12 towns. 
The framework identifies the most important issues related to townsite water management, 
which provides a number of benefits: 
● Identification of the research focus area within each town 
● Simultaneous identification of issues and opportunities which could be addressed by 
townsite Water Management Plans 
● Linkage of water demands with potential water resources 
● Engagement of local community in the decision make process 
● The structured format for a further expert system development. 
The framework is applicable at various stages of the townsite investigations and Water 
Management Plan development: 
● Research initiation which can be focused on the identify priority issue 
● Selection of water management options to utilise local water resources and match 
them to townsite water demands 
● Prioritisation of the water management options in consultation with the local 
community. 
It is anticipated that the framework will be advanced during the next stages of the RT-LA 
project with opportunities possible in the following areas: 
● Advancement in the integration of the social aspects which will provide a greater 
community engagement in the Water Management Plan design and therefore ensure 
the community ownership of the plan and its implementation 
● Deliver greater scientific platform for the expert system and multicriteria analysis  
● Potential computerisation of the framework aiming for design of a user-friendly tool for 
decision making process by various stakeholders. 
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